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1.0. INTRODUCTION AND OVERVIEW

1.1. Introduction

This is the final report for Phase I of a program whose objective is to

develop a decision-aid for use at the U.S. Army Tank-Automotive Command

(TACOM) in the allocation of funds to develop countermeasures for combat
vehicles. The decision-aid being developed is identified as SUMMET

(Survivability Measures and Methods Evaluation Technigque).

SUMMET is being developed and implemented as a tool that will aid TACOM
managers in deciding which of many countermeasure alternatives to improve
combat vehicle survival should be funded for development. The SUMMET concept
and its development to date are the subject of this phase I final report.

This report covers the work performed by the Honeywell Systems and Research
Center during the period from 10 June 1982 through 30 January 1983. This
report is submitted in accordance with Data Item A002 of Contract No.
DAAEQ7-82~C-4049. SUMMET is being developed for the Survivability Research
Division of the Tank-Automotive Concepts Laboratory, U.S. Army Tank-Automotive
Command, with Dr. James L. Thompson, Head of the Survival Technology Function,

as the Technical Representative.

Raymond W. Schaefer is the Honeywell Program Manager for SUMMET. Dr. Jan D.
Wald is the principal investigator and work director. The other principal
contributors to the SUMMET development are Peter L. Gilles, James A.
Hawthorne, Dennis J. Adsit, and Jéffrey P. Schwartz.

Additional reference material is contained in Honeywell Report No. F2276-1,
dated 5 August 1982 and entitled, "Methodology Base Evaluation of Decision
Support Systems." That report covers the front-end Phase I work to first

review decision-theoretic, expert-system, and planning-system decision-aid

methods and then evaluate - their applicability for SUMMET. The report



identifies "pieces" of existing or proposed methods that are attractive for

incorporation in the decision-aid desired by TACOM.

With completion of Phase I, SUMMET development has progressed to a point where
the decision-aid concept is available to try, test, and evaluate. The concept
is detailed in Section 2.0 of this report. Computerized aids are available to
support the trying, testing, and evaluation of the SUMMET concept. These
computerized aids are explained in Section 3.0. More decision makers in the
countermeasure arena, both in and out of TACOM, have been identified to
participate in finalizing SUMMET and its user interface. The issues of user
interface are addressed in Section 4.0. participation by managers who will
use SUMMET and by managers with whom they interact on countermeasure decisions

continues as mandatory to develop a decision-aid that is understandable,

usable, and acceptable.

To best benefit the users of the SUMMET decision-aid these features are being

incorporated:

o It will dissect the "which countermeasures to fund" decision problem
into a manageable number of meaningful "decision-dimensions." At
this point, the decision-dimensions in SUMMET are R&D time, R&D risk,
R&D cost, performance effectiveness, combat utility, and user

acceptance. These decision-dimensions are defined in Section 2.0.

o It will allow a utility or worth-of-development evaluation of
proposed countermeasure projects in each of the decision-dimensions,
and allow utility to be measured in terms that are familiar to and
used by the R&D decision maker. "High," "medium,”™ and "low" are the

measurement terms for utility that are used in SUMMET.




(o} It will interpret the set of utility evaluations for each proposed

development approach to each proposed countermeasure to yield
"preferred for funding" indicators and perform the interpretation in
a manner that is consistent with the decision process of the R&D
decision maker. At this point, the preference indicators in SUMMET

are "go/no-go," go-likelihood, and cost-benefit.

o} It will require input that is reasonable in terms of what the
decision maker can generate and what is or can be made available to
bim, and accommodate and reflect uncertainty and variability of
input. candidate inputs are described and exemplified in Sections

2.0, 3.0, and 4.0.

o It will be easy to use and audit and be consistent with the objective
to "keep it simple, but not trivial."™ It must also be easy to
modify, permit sensitivity analysis, be paper and pencil testable,
and be amenable to computerization. These features underlie the

basic structure of SUMMET.

These goal features of SUMMET give some clue as to how SUMMET will operate.

Let's look at its envisioned operation a little more closely.

1.2. Summet Overview

Figure 1-1 highlights what might be termed the concept of operation for the
decision-aid called SUMMET. With reference to the figure, the concept is as

follows. The R&D decision maker is presented with proposals for the
development of countermeasures (CMs), intended to improve the survivability of
combat vehicles. These proposals will address not only different CMs, but
alternative ways to approach their development as well. (For example: a low
cost, high risk approach; a high cost, longer time, low risk approach; a low
cost, low risk, lower capability approach, and so on.) The CM proposals will

vary in information that defines the character of the CM, and of its one or
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more development approaches, in each of the "decision-dimensions" of

interest. As noted earlier, R&D time, R&D risk, R&D cost, performance
effectiveness, combat utility, and user acceptance are examples of
decision-dimensions. One proposal may include substantiated and quantitative
characteristics in all decision-dimensions; another in just some dimensions;
another proposal may include only best estimate value ranges, because the CM
concept has only just surfaced. Nevertheless, the decision maker wants to
consider all proposals and knows that there will never be enough time or
enough money to get all of the proposals to provide all of the desired
characteristics to all the same level. He will use the characteristics of
time, risk, effectiveness and so on, as provided. He will generate or will
cause to be generated the missing data to the level of specificity and
certainty possible. This results in a set of "input for SUMMET"
characteristic data for each proposed CM/development approach combination.
Note that if there are four different approaches to one CM (i.e., four
different combinations of risk, time, effectiveness, acceptance, and so on),
SUMMET will be used to examine four proposals and not one. 1In this manner,

SUMMET will aid the decision on both preferred cMs and development approaches.

With CM and development characteristics in hand for each proposed CM and
development approach combination, the R&D decision maker is ready to use
SUMMET. He can input one combination at a time and perform sensitivity tests
which may in turn flag the need to "firm up" certain "first guess"
uncertainties. He may first want a "batch"™ examination of all proposed CMs
and development approaches to aid a "first sort" elimination of less
attractive proposals. The decision makér may want to use SUMMET in a number
of different ways. More of the envisioned use options are described in

Section 4.0.

As indicated in Figure 1-1, a CM and its development characteristics in each
decision-dimension are input to what are called the SUMMET "utility

functions."” What is a utility function? In SUMMET, if may be thought of as



something that assigns a "high," "medium,” or "low" worth to particular values
in each decision-dimension. For example, let's look at the decision-dimension
of R&D cost. The utility function for R&D cost may say the following: 1If a
proposed CM R&D cost is projected to be less than 5 percent of the total
available budget for CM developments, then the worth or utility of that
proposed CM development project is high in the R&D cost dimension; if the
projected R&D cost is greater than 10 percent of the total budget, then the
worth or utility in this cost dimension is low; otherwise the worth or utility
in this cost dimension is medium. Examples of utility functions are presented
in Section 2.0 for each of the gix dimensions of R&D time, R&D risk, R&D cost,
performance effectiveness, combat utility, and user acceptance. The point to
be made here is that the first step in the exercise of SUMMET is an assessment
of the utilities or the worth of each proposed CM development. The assessment
output for each proposed CM development is, in general, a set of probabilities
that the CM development is of high, medium, or low utility in each
decision-dimension. Table 1-1 exemplifies this development utility output.

In SUMMET this development utility output is next input to what are called
"decision heuristics." Before discussing this next step another point should
be made. When fully implemented, SUMMET will allow for easy modification of
what and how many decision-dimensions are to be considered. Similarly, easy

modification of utility functions will be provided for. Now, on to the next

step in SUMMET.

The next step in SUMMET is the preferential ordering of proposed CM
developments. This is accomplished through exercise of what are called
decision-heuristics. What is a decision-heuristic? It is one of a set of
rules that, when satisfied by a proposed CM development, indicates development
acceptability. It is one of a set of rules that is created by decision makers
as part of SUMMET implementation and becomes an integral part of the SUMMET
decision-aid. Details of these heuristic rules are presented in Section 2.0.
Figure 1-2 exemplifies one of the set of these go decision rules that has

already been formulated from preliminary interviews with TACOM decision makers.




TABLE 1-1l. UTILITIES OF DEVELOPMENT--AN EXAMPLE

CM: Threat warning/reaction system
Development Approach: Low cost, high risk
Utilities of development determined with SUMMET:

UTILITY LIKELIHOOD FOR:

UTILITY| R&D R&D R&D PERFORMANCE COMBAT USER
LEVEL TIME RISK CcosT EFFECTIVENESS | UTILITY ACCEPTANCE
HIGH 0.0 0.0 0.11 0.7 0.3 0.8
MEDIUM | 0.75 0.33 0.23 0.3 0.5 0.2

LOW 0.25 0.67 0.66 0.0 0.2 0.0

1 RULE NO. 46 [My H, L, M, M, H]

THISRULE SAYS THATIF,

. DEVELOPMENT-TIME UTILITY 1S MEDIUM OR HIGH AND,

. DEVELOPMENT-RISK UTILITY IS HIGH (I.E., RISK IS LOW) AND,
DEVELOPMENT—COST UTILITY IS LOW (LE., COST IS HIGH) AND,
PERFORMANCE—-EFFECTIVENESS UTILITY IS MEDIUM AND,
COMBAT-UTILITY IS MEDIUM OR LOW AND,
USER—-ACCEPTANCE UTILITY IS HIGH,

I

THEN, A PROPOSED CM DEVELOPMENT PROJECT IS ACCEPTABLE FOR
R&D FUNDING.

Figure 1-2. An Example of an Heuristic "Go" Decision Rule




In SUMMET, the utilities of development, as discussed earlier and as
exemplified in Table l1-1, are interacted with all of the go heuristic decision
rules. This yields a likelihood (where 0 < likelihood < 1) that each

proposal CM is acceptable for develoment. Once this step is completed for all
proposed CM developments, a number of preference rankings of the proposed
developments can be provided from SUMMET. One ranking would be on the basis
of go likelihood. Another ranking would be on the basis of go likelihood and
cost-benefit (a cost-benefit ranking algorithm is presented in Section 2.0).
Still another ranking would be on the basis of go likelihood and ranked
decision rules (this particular ranking possibility remains under
investigation). For each of these preference rankings, SUMMET then provides
the decision maker with sets of preferred CM developments, each set chosen on
a different basis. For example, one set of preferred CM developments would be
on the basis of all top-ranked developments within the R&D budget. Another
set of preferred developments would be the maximum number of ranked
developments within the R&D budget. The key point is that SUMMET will provide
the decision makers with rankings and preferences made on a number of
different bases. He then makes the final choice. Remember, SUMMET is a

decision-aid and not a decision-maker.

With this as an overview of the concept of operation for the SUMMET
decision-aid, let us now proceed with further concept detail (Section 2.0),
with explanation of the computer aids developed to date (Section 3,0), and

with discussion of SUMMET user interface issues (Section 4.0).

2.0. THE SUMMET CONCEPT

In the previous section we overviewed the concept of operation for the

decigion-aid called SUMMET. The purpose of this section is to delve deeper
into the constructs of SUMMET and explain them in more detail. To preamble
the discussion, and because SUMMET involves some new "wrinkles" in the world

of decision-aids, let us once more quickly walk through the SUMMET concept (we




say concept because SUMMET is not fully developed and implemented at this
point in time; its design details are not yet frozen, but its overall
philosophy and structure are). To aid the walk through we will follow the
flow depicted in Figure 2-1.

As indicated in Figure 2-1, the SUMMET exercise process starts with decision
maker input that characterizes one or more proposed CM developments in each of
six decision-dimensions: R&D time, R&D risk, R&D cost, performance
effectiveness, combat utility, and user acceptance (where user is the military
user of the CM to be developed). These input data may be discrete values or
distributions of values or mixes of both types. These input data are operated
on by utility functions (built into SUMMET) to asssess in each decision-
dimension whether the utility of development is high, medium, low, or some
likely combination of high, medium, and low (recall that Table 1-1 exemplified
this utility assessment step). These high, medium, low, and likelihood
measures of utility are then input to and operated on by heuristic decision
rules (also built into SUMMET). This step yields measures of the
acceptability of the proposed CM development. Ranking algorithms, and perhaps
additional heuristic rules, are then exercised within SUMMET to provide one or
more orderings of all the CM proposals considered. Now, before we proceed
with details, one point needs to be emphasized: while utility functions and
decision-heuristics will be built into SUMMET, provisions will be made to
allow changes to these functions and heuristics. Such changes will not be
made by just anyone, but only by the person or persons who are the decision
makers and who want the decision-aid to reflect their phbilosophy of utility

and acceptability of development.

In the further explanation of the SUMMET concept, we will first deal with
heuristics, what they are, how they are derived, where they stand at this

point in time, and what more needs to be done.
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2.1. Decision Heuristics

2.1.1. pefinition and Status. SUMMET decision heuristics are sextuple rules
of the form shown in Figure 1-2. They are termed go rules, because they cover
the total "acceptable development-utility space." They are independent rules
since the acceptable utility space covered by any one rule does not overlap
the space covered by any other of the rules. A working set of go decision
rules is given in Figure 2-2, where the convention for stating a rule is also
defined. We use the term "working set"™ because this particular set of rules
was derived from intentionally exploratory and not sufficiently complete
interview sessions with TACOM decision makers. (SUMMET development did not
start with the premise of incorporating heuristic decision rules; rather, the
desirability of using heuristics evolved from the TACOM manager interview
process.) A structured interview process will be used in Phase II to finalize
the go decision rule set. It is of value here to review the process of
working set rule development and to describe the computer aids now available

to enhance the rule development process.

The working set of decision rules or heuristics given in Figure 2-2 is based
on interviews with four manager-level individuals; three within and one
formerly with the Tank-Automotive Concepts Laboratory of TACOM. Each of these
interviewees was presented with preselected sextuples of utility hypothesized
to represent the utilities of development determined for each of some 18
different and unnamed CM development proposals. To each of these 18 different
sextuples, each interviewee was asked to respond with either a "yes, I would
fund that proposal,® or with a "no, I would not fund that proposal." (We
should note that each of these managers dealt easily and quickly with these
sextuple data sets of different high, medium, and low combinations.) Each
interviewee also commented on the reasons for his particular responses. TO
illustrate the questions posed to the interviewees, one of the presented
sextuples was: "If development time utility was high, and if development risk

utility was medium, and if development cost utility was high, and if

11
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performance effectiveness utility was low, and if combat effectiveness utility
was low, and if user acceptance utility was high, would you fund such a CM
proposal?"” Before posing such a question, the interviewer and the interviewee
discussed the meaning and the interpretation of high, medium, and low utility
in each of the decision-dimensions of time, risk, cost, performance
effectiveness, combat utility, and user acceptance (from these discussions,
candidate definitions of utility functions evolved; these will be described
shortly). The four interviewees agreed on those sextuples which were heavily
weighted with highs or lows; they varied on more evenly weighted sextuples,
which is to be expected since the moderately weighted sextuples are more
debatable as to acceptability for funding. Later in this discussion we will
talk about how differences in the go/no-go space among decision makers may be

accommodated in SUMMET.

The 18 test sextuples used in the exploratory interviews were not sufficient,
of course, to completely determine the go/no~go acceptability for each of the
729 (36) possible combinations of high, medium, or low in each of six
dimensions. We derived the final working set of decision heuristics in
Figure 2-2 by extrapolating primarily from the decision responses made by the
individual that had the highest decision-making authority. Two significant
accomplishments were achieved in the derivation of this working set of
decision rules. The first was to demonstrate that such decision rules are
indeed derivable. The second is that computer-aided techniques, developed
during the preliminary rule derivation process, are now in place to
selectively, and thereby rapidly, take a decision maker through the entire
decision space and derive his set of decision rules. Let's briefly describe

these rule derivation computer aids.

Figures 2-3 through 2-5 are "screens" generated from a "Heuristics Acquisition
Program® we have written in BASIC to run on an Apple II computer. This
interactive program aids the efficient acquisition of go decision rules. It

takes advantage of the fact that, in general, when any sextuple of utilities
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IT WILL TAKE ME ABOUT TWO MINUTES
TD GENERATE THE SAMPLE SPACE

\

FEEL FREE TO CHECK MY WORK

WHICH?A

WHAT CASE NUMBER? 1

DD YOU WISH TO: '
A) LDAD AN OLD CASE
B) BEGIN A NEW CASE

N

RWAIT

READING FROM DISK

Figure 2-3. Preparatory Screens in the Heuristics Acquisition Program
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RULE 1

DEVELOPMENT TIME UTILITY IS
DEVELOPMENT RISK UTILITY IS
DEVELOPMENT COST UTILITY 1S
PERFORMANCE EFF. UTILITY IS
COMBAT UTILITY UTILITY IS
USER ACCEPTANCE UTILITY IS

IXXIXX

THIS RULE IS:

A) 60 RULE

B) 60 RULE AND UPPER LIMIT TO NOGD’S
C) NOGO RULE

D) NOGO RULE AND LOWER LIMIT TO GO’S

WHICH?C

NEW 60°S NEW NOGO’S
o &4

TOTAL. GO’S TOTAL NOGO UNDECIDED
o 64 &65

PRESS ESC TO SAVE CURRENT RULES & QUIT
PRESS RETURN TD CONTINUE ’

Figure 2-4. First Question/answer Screen in the Heuristics Acquisition program

RULE 7

DEVELOPMENT TIME UTILITY IS
DEVELOPMENT RISK UTILITY IS
DEVELOPMENT COST UTILITY 1S
PERFORMANCE EFF. UTILITY 1S
COMBAT UTILITY UTILITY IS

USER ACCEPTANCE UTILITY IS

IXrcxzx

THIS RULE 1IS:

A) GO RULE

B) G0 RULE AND UPPER LIMIT TO NOGO’S
C) NOGO RULE

D) NOGO RULE AND LOWER LIMIT 7O GO’S

WHICH?A

NEW 60’S NEW NOGD’S
4q (o]

TOTAL GO’S TOTAL NOGO UNDECIDED
44 120 965

PRESS ESC TO SAVE CURRENT RULES & QUIT
PRESS RETURN TO CONTINUE

Figure 2-5. Nth Question/Answer Screen in the Heuristics Acquisition Program
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is decided as a go or a no-go, such decision automatically decides many other
sextuples to also be go or no~go. For example, in the convention of

Figure 2-2, if a decision maker says that the utility combination of (H, M, H,
L, L, H) is a go, he has by this one decision identified not just one, but
1x2x1x3x3x1l, or 18 combinations, as goes. This is because if the utility
combination (H, M, H, L, L, H) is a go, then each utility combination in the
set (H, M+, H, L+, L+, H) is also a go. This "decision-on-one means a

decision-on-many” principle is used in the Heuristics Acquisition Progrém

illustrated by Figures 2-3 through 2-5.

Figure 2-3 illustrates the preparatory steps in the interactive Heuristics

Program. FPigure 2-4 is the question-starter screen that asks whether the

utility combination (M, M, M, M, M, M) is: (a) a go rule; (b) a go rule and
an upper bound to no-goes; i.e., all combinations with lesser utility values
in each dimension are no-goes; (¢) a no-go rule; or (d) a no-go rule and a
lower bound to goes, i.e., all combinations with higher utility values in each
dimension are goes. In the example of Figure 2-3, (M, M, M, M, M, M) is
decided as a no-go rule and when such decision is input, the program

identifies that this decision really decided 2x2x2x2x2x2, or 64 utility

combinations to be no-goes. The program further identifies that 729 minus 64

(or 665) utility combinations remain to be decided on. The program then
advances to another undecided rule, a question is asked, a decision is input,
and the number of undecided cases are updated. Figure 2-5 is an illustration
of screens presented in the middle of the question and answer process, a
process which continues until all combinations are decided. The program then
prints out utility combinations that cover the total go space. These
combinations are not necessarily non-overlapping or independent. Since
non-overlapping or independent rules are required for "likelihood of go"
determinations in SUMMET, we have developed another Apple II, BASIC language

program that aids the derivation of independent go decision rules, such as are

given in Figure 2-2.
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2.1.2. Future Directions. There are two issues.that future refinements in

the SUMMET decision heuristics should address:

o Ordering the decision space as one means to aid the ranking of CM

development proposals.
o Resolving or accommodating different or conflicting expert opinion,

The present approach to SUMMET decision heuristics does not distinguish among
goes of varying desirability. Intuitively a CM proposal utility corresponding
to a sextuple like (H, H, H, H, H, H) is much more desirable than a proposal
corresponding to a go sextuple near the go/qo-go border, e.g., (M, M, M, H,

L, L). The present system does not make such distinctions. All goes are on a

par, and all no goes are on a par.

One approach to ordering the goes is to determine weights representing the
relative importance of each of the six decision-dimensions. This approach has
the drawback that expert decision makers may not have clear intuitions about
precise weights. Ordering of the decision space will be studied in the next
phase of SUMMET development. Other techniques to aid rank ordering of
proposed CM developments will also be investigated. An example of a cost
benefit ranking measure will be described later in our discussion of utility

functions.

With regard to the issues of how to resolve differences in expert opinion and
how to reconcile the resulting different set of heuristics, two approaches

come to mind.

The first approach involves developing a compromise set of heuristics. Most
sextuples won't be in dispute among decision makers; they will be clear goes
or clear no-goes. Disagreements will generally occur on sextuples near the
go/no—go borderline. The first approach would get decision makers to work out

their borderline differences.
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The second approach would involve taking advantage of the differences rather
than trying to resolve them. One could, for example, derive a different get
of heuristics for each of n decision makers. The SUMMET system would evaluate
the go probability of a CM proposal relative to each decision maker's set of
heuristics. This simply involves running the same output from the lower level
SUMMET evaluation through each of the n heuristic sets. BAn average go
probability for the CM proposal could then be calculated by summing the
resulting n go probabilities and dividing by n. This technique gives each
heuristic set an equal vote. Extra votes could be given to heuristic sets
derived from more authoritative decision makers by weighting their go
decisions more heavily. This difference of opinion among decision makers will

be addressed further in the next phase of SUMMET development.

Having now defined and described decision heuristics and their status, let us

turn our attention to SUMMET utility functions and input data.

2.2. Utility Functions and Input

Our discussion will now deal with utility functions, what they are in SUMMET,
and what "trial" definitions for these functions are now in place.

Utility functions in SUMMET are, as noted earlier, assessors of the‘worth of
CM development in each of the decision-dimensions of time, risk, cost, and so
on. This assessor role was depicted in Figure 2-1. The utility functions
operate on the decision maker's input data, which characterizes each proposed
CM and each of its proposed development approaches. The utility functions

then output whether the utility or worth of development in each decision-
dimension is low, medium, high, or some likely combination of these levels.

The notion to use high, medium, and low measures of utility stemmed from our
exploratory interviews with TACOM and other decision makers. We found the
high, medium, and low descriptors to be convenient, manageable, and often
used. Recall such phrases as: "I'd fund that project if the risk were
lower,” or "I'd accept less than high effectiveness if the cost were

moderate, "
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With this brief introduction, let us now describe the "trial™ utility
functions that are currently "in place™ in SUMMET. We say trial because they
need to be examined for acceptability by TACOM decision makers. We say in

place because they are incorporated in the SUMMET I computer program described

in Section 3.0.

2.2.1. R&D Time and Utility. Let R&D time, T, (sometimes called development
time) be the time from initiation of CM research and development to the time
when both feasibility has been demonstrated and engineerability has been

proven within accepted standards. Let R&D time utility, U(T), be then defined

as follows:

T
{Years) U(T)
<2 High
>2 but <4 Medium
>4 Low

R&D time, T, is one of the characteristics of a CM development project that
the decision maker must input to SUMMET. As with any SUMMET input, T may be

input as a discrete value, as a Beta distribution, or as a histogram of values
(this latter form allows for a uniform distribution of values). These input
options are described further in Section 3.0. SUMMET will allow these
different forms of input in order to best reflect real uncertainty or real
variability that may exist in the characteristics of a proposed CM and a

proposed development approach.

2.2.2. R&D Risk and Utility. Let R&D risk, R, (sometimes called development

risk) be the estimated probability that a propoed approach for a CM
development program will not achieve a technical development result at least

as good as the intended result. Let R&D risk utility, U(R), then be defined

as follows:
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R U(R)

<0.25 High
>0.25 but <0.5 Medium
>0.5 Low

The development risk, R, may be input as a discrete value or as some
distribution of values. The notion to input a distribution of risk values
stems from the thought that a decision maker may query a team of his experts
and ask each expert to estimate the probability that a proposed CM development
will not achieve its proposed technical objective. The decision maker may
then wish to input the distribution of responses from the team, rather than

some average response.

2.2.3. R&D Cost and Utility. Let the R&D cost (sometimes called development
cost) of a proposed CM development be measured in "fraction of budget" terms,
rather than in absolute dollar terms. Specifically, let the R&D cost metric,
" $, for a proposed CM development be the ratio sc/sb where:

$o is the total R&D dollar cost projected for a proposed CM development
over the most likely total time projected for its development (this most
likely time is thus the most likely value for the R&D time characteristic,
T, defined earlier); and $b is the total dollar budget projected to be
available for all CM developments during this same most likely development
time. Let R&D cost utility, U($), be then defined as:

Fraction :f Budget U(s)
<0.05 High
>0.05 but <0.10 Medium
>0.10 Low
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Again, as with all other input characteristics, the R&D cost metric, $, may be

input as a discrete or as a distribution of values.

2.2.4. Performance Effectiveness and Utility. Let performance effectiveness
of a CM proposed for development be characterized by the increase in
survivability that the CM affords to a vehicle against each threat system or
systems that the CM is intended to counter. Specifically, let “increase in
probability of survival"™ be the characteristic parameter to describe cM
performance effectiveness, E. Let the performance effectiveness utility,

U(E), be defined as:

Increase inEProbability
of Survival U (E)
<0.2 Low
>0.2 but <0.4 Medium
>0.4 High

We suggest that any one of the "one-on-one" combat models available to TACOM
be used to estimate the expected survival probability increase. Further, we

suggest that such one-on-one model be exercised over realistic situation
variability (e.g., spectral visibility conditions) to generate a distribution
for survival-probability-increase values as input to SUMMET. This last
suggestion stems from the notions: that situation variability is real; that
survival probability changes with the situation; and that trying to capture
probability of survival, and its potential increase, in discrete average
numbers is not taking advantage of the more realistic distribution of values.
To illustrate the envisioned use of a one-on-one combat model to generate
inputs to SUMMET, consider the following example. Suppose that a proposed CM
is to counter two specific threat systems by degrading their ability to track
the protected vehicle, given a detection. Further suppose that these threat

systems are present in scenarios characterized by a representative terrain and
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range of spectral visibility conditions. The one-on-one model could then be
exercised over a "matrix"™ of one-on-one runs covering the two threat systems
and, say, three positions per threat, three vehicle penetration paths per
threat position, and three visibility conditions. Each of these 54 runs would
be made first without the CM and then with it. The difference between each
with-CM and without-CM run would be tallied as a histogram or distribution of

performance effectiveness (E) values for input to SUMMET.

A key requirement for the suggested use of a one-on-one combat model is that
such model have the capability to 1) account for the threat capability to
detect, acquire or track, hit, and kill a vehicle; and 2) reflect the
degradation of any of these threat capabilities by a CM of interest.

2.2.5. Combat Effectiveness and Utility. Whereas performance effectiveness
of a proposed CM addressed the benefit afforded to a single combat vehicle,
combat utility addresses the benefit afforded to a combat force. In other
words, performance effectiveness asks, "Did I save the vehicle?" while combat

utility asks, "Did I win the battle?"

As with the other CM decision-dimensions, there are numerous ways to
characterize combat utility, C. The characterization we suggest for C is one
that would be supported by a “force-on-force" evaluation. Specifically, let
combat effectiveness, C, be defined as the "improvement in fractional casualty
ratio" afforded by a proposed CM in a force-on-force engagement, where
fractional casualty ratio is the outcome percent of "red" losses divided by
the outcome percent of "blue™ losses and where an outcome ratio value of 1.0
may be viewed to represent a draw. If Féo is the fractional casualty ratio

value without the proposed CM, and if Fou is the value with the CcM, then C =

(Fow - Fco)/Fco'

cw
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Let the combat effectiveness utility, U(C), be defined as:

cC,
Improvement in
Fractional
Casualty Ratio U (C)
<0.2 Low
20.2 but <0.4 Medium
>0.4 High

In the force-on force evaluation of combat effectiveness, C, a combat model or
simulation would be exercised over a matrix of representative combat scenarios
to account for a realistic variability in force mixes and in scenario
environments. The matrix of runs would be made with and without the benefit

of the proposed CM to generate a histogram or distribution of C values.

The force-on-force approach to combat effectiveness requires that a rapidly
executable force-on-force model be available. We know that TACOM is seeking
to have such a model at their disposal. When available, such a model could
tie dicely into the force-on-force approach for combat utility assessment in
SUMMET. We do already have one such programmed model available for use. It
is called SPIFFI and is documented in Honmeywell Report No. 80SRC89, dated
November 1980 and entitled, “SPIFFI, a Lanchester Combat Model.™

2.2.6. User Acceptance and Utility. The acceptance dimension, A, measures
user acceptance of a proposed CM system on the basis of a number of
characteristics., These characteristics indicate the attraction or resistance
likely to be encountered if the RsD effort is successful and the CM system is

proposed for implementation. We have identified eight user acceptance

criteria:
o User Need
o Time to Field

o Retrofitability
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Retrofit Cost
Operations Cost
Support Cost
Tactics Impact

0O 0 0 o0 o

Useful Life Span

This list may not be complete, but for the purposes of this discussion, we
will suppose that it is. The user acceptance evaluation method we will

describe is easily adapted to any alteration in the list of criteria. 1In

brief, the listed criteria are defined as follows:

o User Need--This criterion is an estimate of how much the user
believes he needs the system.

o Time to Field--How pleased (or displeased) the user will be with the
amount of time needed to implement the system.

o Retrofitability-~How easily the CM system is retrofitted to present

vehicles.
o Costs~--How accepting the user will be to the costs of investment,

retrofit, operation of the CM system, and support systems for the CM
system,

(o} Tactics Impact--How adaptable the user is to any change in tactics
required for the effective use of the CM system.

o Useful Life Span--How acceptable to the user the expected life span

is before technological obsolescence.

Now suppose each user acceptance criterion has a value of high} medium, or low
and that these translate into the numbers 0.0, 0.5, and 1.0, where 1.0 is
assigned to high user acceptance, 0.5 to medium acceptance, and 0.0 to low
acceptance. Notice that we describe the acceptance criteria in such a way

that high is always associated with positive user acceptance.
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Let Cl,,C2

the set of criteria we have determined above). Let V(Ci) be the acceptance

...,Cn stand for each of the acceptance criteria (n = 8 for

value (i.e., 1.0, 0.5, or 0.0) of Cy- If each acceptance criteria were

equally important, then the net CM user acceptance value, A, is the average.

b2

(]

[ - ]
oo

=

v(c;)

=
(1]
(=

But generally, some criteria will be more important than others and should

carry more weight in the net value. Let W(ci) be the weighting factor for

the relative importance of criterion ci' and let the values W(Ci) be

normalized so that

{when each Ci is of equal importance, W(C; = 1/n). Then the value of A is

the weighted average:

n
A= z V(Ci) W(Ci)

i=1
The value of A ranges from 0.0 to 1.0, depending on the values of V(C;)

(i.e., if v(c;) = 1 for each i, then A = 1; if v(c;) = 0.0 for each i,
then A = 0.0).
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Now the user acceptance value A may be translated into a high-medium-low

utility for overall user acceptance as follows:

A u(a)
<0.33 Low
>0.33 but <0.67 Medium
>0.67 High

In this way the total user acceptance value may be calculated (by the system)
from the user acceptance values of its inputs. Both inputs and output are on
a utility scale of high, medium, or low. Fixed values for the W(C;) ., which
indicate the relative importance of the various acceptance criteria, will be

determined on the basis of expert opinion drawn from TACOM and the user

community.

While we illustrated user acceptance based on discrete assignments of 0.0,
0.5, or 1.0 values to each acceptance criterion, SUMMET can allow for an

uncertainty range of values to be assigned (0.6 to 0.7, for example).

2.3 Ranking

As we noted earlier, work in Phase II of SUMMET development will include
further development of technigues to rank acceptable CM proposals. Heuristics
and algorithms will be investigated. Figure 2-6 exemplifies one cost benefit
algorithm that could be incorporated in SUMMET as a ranking means. This cost
benefit relationship would rank highest those acceptable CM proposals that
bhave: the highest utility in performance effectiveness, combat effectiveness,

and user acceptance; the least R&D risk; and the least R&D cost.
This concludes the discussion of the SUMMET decision-aid concept. Let us now

proceed with the description of the computer aids available to aid manual
exercise of the SUMMET concept.
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Upe * Ugy + U - R&D AK
COST BENEFIT = 1 ope " Vou* Uya31 [1-R l
[R&D COST RATIO]

Upe =EXPECTED VALUE OF PERFORMANCE-EFFECTIVENESS UTILITY
ﬁcu = EXPECTED VALUE OF COMBAT UTILITY
U = EXPECTED VALUE OF USER ACCEPTANCE UTILITY

ua
R&D RISK = EXPECTED VALUE OF DEVELOPMENT RISK

R&D COST RATIO = EXPECTED VALUE OF N-YEAR DEVELOPMENT COST OF A CM
AS A FRACTION OF N-YEAR BUDGET AVAILABLE FOR ALL CM
DEVELOPMENTS

Figure 2-6. A Cost Benefit Algorithm for Ranking of Proposed CM Developments

3.0. SUMMET I USERS' GUIDE

This section is intended to serve as a users' guide for the SUMMET I computer
program. The SUMMET I program is available on the PRIME computer at the U.S.
Army Tank-Automotive Command, Warren, Michigan. The program is accessed

through TYMNET or through direct dial-up.

As noted earlier, SUMMET I is a program to aid the manual exercise of the
SUMMET decision-aid concept. SUMMET I is not intended to repreéent a final
computerized and interactive version of SUMMET. Rather, it is intended to
facilitate the testing, evaluation, and refinement of the SUMMET decision-aid

concept that will occur in Phase II.
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The material in this section is organized into three main parts:

1. A set of input specification sheets that describe the nature and
format of each of the SUMMET I input data records. These
specification sheets also serve to further describe the character of

the data on which the SUMMET concept is based.

2. An annotated terminal session that takes a person through all the
steps necessary to login, enter data, execute the program, and review

the program output.

3. Reference material that includes a complete program listing, a

complete set of sample inputs, and the corresponding sample output.

3.1. 1Input Specification

The following pages are a set of format specifications for each of the data

records used in the SUMMET I program. Each record format is identified by a
Record Type Number. Following the set of input format specification pages is
a set of blank forms without the descriptive information. These forms may be

copied and used for SUMMET I data inputs.

3.1.1. Format Specifications.

RECORD TYPE1
1 5

Record Type 1 is used to input the number of decision-~dimensions.
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REQORDTYPEZ5

113

Record Type 2 is used to input the number of decision heuristics.

RECORD TYPE 3
TERE 6 9 12 15 18 21
1 Ll (4] |ml*] Im]-] |m|+ H_‘*-I

A 1 | 1] v v vi

Record Type 3 is used to input the decision heuristics. One record is needed

for each of the heuristics.

The data field labeled "A"™ is an index field for numbering the heuristics.

The data fields labeled I through VI correspond to the six decision-dimensions.

They are as follows:

I Development-time utility
II Development-risk utility
III Development-cost utility
IV Performance~effectiveness utility
V Combat-utility

VI User-acceptance utility
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The utility of each of the decision-dimensions is coded using the following

symbols:

L*: Low utility

L+: Low, medium, or high utility
M#*: Medium utility

M-: Medium or low utility

M+: Medium or high utility

H*: High utility

The utility of each of the decision-dimensions is defined in terms of a
characteristic parameter. Figures 3-1 and 3-2 define two types of utility

functions used in defining the data fields for Record Type 4.

|
HIGH ] HIGH
|
————————— |
| |
MEDIUM | , MEDIUM
J |
| | |
Low I ! I Low
(UTILITY) : : @ : (UTILITY)
0 2 ;.4 6 ,i.s 1.0
Lo P1 P2 HI
Figure 3-l. Utility Function Type 1 Figure 3-2. Utility Function Type 3
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RECORD TYPE 4

1

5

10

15

1

TYPE

Lo

P P2

Record Type 4 is used to input the utility functions shown above.

pata field “"A" is the index of the decision-dimension.
Data fields "LO" and "HI" define the

1 or 3, as shown in Figures 3-1 and 3-2.

minimum and maximum value of the characteristic parameter.

Data field "TYPE" is a

Data fields "Pl"

and "P," define the lower and upper values of the characteristic parameter

defining the medium utility.

RECORD TYPE §
1 5

1

Record Type 5 is used to control the routines used for inputting data.

A zero (0) in column 5 indicates that the likelihood levels for each of the

decision-dimensions will be determined outside of the program.

will be input using record type 12.

This array

A one (1) in column 5 indicates that the likelihood levels for each of the

decision-dimensions will be calculated inside the program.

The likelihood

levels are a function of the utility of the decision-dimension (input using

Record Type 4), and the distribution of the characteristic parameter of the

decision parameter (input using Record Type 7).

31

>



RECORD TYPE 6
1 5 10 1 2 25 391
L

Record Type 6 is used to input an identifying title on the computer output for

this project.

RECORD TYPE 7

|
1 1
L

Field "A" of Record Type 7 is used to define the parameter index. Field B is
used to define the type of distribution associated with the characteristic
parameter. A one (l) in column 10 indicates the beta distribution, as

illustrated in Figure 3-3.

MIN MODE MAX

Pigure 3-3. Beta Distribution pParameters
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RECORD TYPE 8
1 5 10 15 ’ 201

2 2 | 111t 0 4

- S— .

TYPE 10D DA DB

Record Type 8 is used to input the parameters necessary to define a unique
beta distribution.

Data field "TYPE" is used to input the index of the beta distribution shape
selected from Figure 3~4.

SKEWED - SYMMETRIC SKEWED +

-
N
iw

HIGH
" VARIANCE
1 | 1 1 (] t 1 1 1 ) | 1 1 | |
0 06 .29 67 1.0 0 A3 5 87 10 0 33 .1 8% 10
MEDIUM
VARIANCE 4 5 6
L | 1 1 [ v L 1 1 3 1 1 ) L
0 02 19 63 1.0 - 0 08 5 92 1.0 0 37 81 98 1.0
LOW '
VARIANCE
7 8 9
1 1 i t 1 1 I ) [ 1 i [ - |
0 01 .13 61 1.0 0 05 5 95 1.0 0 339 87 99 1.0

Figure 3-4. Beta Distribution Types
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Given the shape of the beta distribution, any two of the parameters (MIN,
MODE, or MAX) shown in Figure 3-3 are sufficient to define a unique

distribution.

Data field "IDD" is used as an indicator for the pair of parameters that will

be used.

If IDD = 1 then DA = MIN
DB = MaAX

If IDD = 2 then DA = MIN
PB = MODE

If IDD = 3 then DA = MODE

DB = MaX
RECORD TYPE 7
1 5 10
2 2
A B

Field "A" of Record Type 7 is used to define the parameter index. Field "B"

is used to define the type of distribution associated with the characteristic

parameter. A two (2) in column 10 indicates a histogram type distribution, as

shown in Figure 3-5.

RECORD TYPE 9
1 5
4

Record Type 9 is used to input the number of segments in the histogram.
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40

DENSITY
.30

.20

A0

_

MIN MAX CHARACTERISTIC
PARAMETER

Figure 3-5. Histogram Distribution pParameters

RECORD TYPE 10

1 5t 10 20
1 o] s 1-jo-1o

L)
A MIN MAX DENSITY

There is one Record Type 10 for each histogram segment.

Data field "A" is the segment index. Data fields "MIN" and "MAX" correspond
to the lower and upper bounds of the characteristic parameter. pata field

"DENSITY" is the density of the segment.

RECORD TYPE 7
1 5 1
3 3
-{
A B
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Field "A" of Record Type 7 is used to define the parameter index. Field np"

is used to define the type of distribution associated with the characteristic

parameter. A three (3) in column 10 indicates a discrete distribution, as

shown in Figure 3-6.

-
DISCRETE CHARACTERISTIC
PARAMETER

Figure 3-6. Discrete Distribution parameter

RECORD TYPE 11
1 5
0K
ML

Record Type 1l is used to input the discrete value of the characteristic
parameter. A small value is built into the program and is used to define a

one~segment histogram centered at the discrete value.

36




RECORD TYPE 12 »
1 5 10) 15 0

1 0} q 0] "]14] 5 G- ]5(|6

A 10 MED HI

Record Type 12 is used when the likelihood levels of the decision-dimensions

are calculated outside of the program.

Data field "A" is the index of the decision-dimension. pata fields "LO,"
"MED," and "HI" are likelihood probabilities for the low, medium, and high

utility of the decision-dimension.

One record is necessary for each dimension.

3.1.2. Blank Forms.

RECORD TYPE 1
1 5

RECORD TYPE 2
1 5
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RECORD TYPE 3

1

15

25

35

1
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RECORD TYPE 4

1

10

15

20

25

30

1

RECORD TYPE 5

1

5
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RECORD TYPE 6
1 5 10 15 20 25 r_o_l
1
RECORD TYPE 7
1 5 10
RECORD TYPE 8
1 5 10 15 zg_l
|
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RECORD TYPE 7

1

10

RECORD TYP

RECORD TYPE 10

1

10

15

20

1
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RECORD TYPE 7
1 5

RECORD TYPE 11
1 §

RECORD TYPE 12
1

10

15

20
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3.2. Annotated Terminal Session

With SUMMET I input specification now defined, let's walk through all of the

steps necessary to login, enter data, execute the program, review program

output, and logout.

The PRIME computer is under the control of the PRIMOS operating system. There
are a number of system-level commands and a text editor that a user must
become familiar with in order to use the SUMMET I program. The user should
refer to Figure 3-7 to follow the flow of the terminal session. After login
the user has several options available, depending on the status of previous
terminal sessions. If a user has previously used SUMMET I, he may find it
necessary only to modify previous input data before executing the program.

First-time users will have to build a complete set of input data files.

The annotated terminal session is presented here using sets of opposing pages,
as exemplified by Figure 3-8. 1In each set, the right-hand page is a printout
made at a bard copy terminal from an actual terminal session. The left-hand
page is a set of comments explaining what is happening on the right-hand

page. Each of the system level options shown in Figure 3-7 are represented in

the annotated terminal session.
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LOGIN
BUILD FILE
SUMIF5 ' MAINTENANCE
BUILD EXECUTE
SUMIFS SUMMET |
EXAMINE SPOOL
SUMOF6 SUMOFG
LoGouT

Figure 3-7. Terminal Session Flow for SUMMET 1
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- -

Login Procedure

To access the SUMMET | program, you must dial up the PRIME
computer at the Tank-A i, Warren, Michi
Begin by putting your terminal in even parity, full duplex mode.
Then dial 1-313-574-6657 and wait for the carrier signal. Place
the teleph headset in the cradle and watch for
the camar indicator to light on the modem. This signals a

d ion b your terminal and the
PRIME computer. The PRIME computer may at this time
respond with “OK,” which is its command level prompt.
It may also not send the “OK,” prompt, but just sit and
wait for your LOGIN command.

To login to the system, type:

LOGIN GILLES (appropriste password) -ON DRAS (carriage
return (CR))

Al d-leve! are foll d by a carriage
return and the nxpllcit directions to do so will be omitted
from here on.

The PRIME then prints out the login identification optionally
followed by sy and finally by the system
prompt “OK,"”.

1f at any time you issue an invalid system command, the

PRIME will respond with an error declaration followed by a
different system prompt “ER,"”. This is logically equivalent

10 “OK,” and you may ratypa your command or type a new one.

OK, LOGIN GILLES PASSWORD —ON DRAS
PRIMENET 18.3.1 DRAS

PRIMOS Version 18.3.1

GILLES (55) LOGGED IN AT 14:54 012683

Access information (i.e., Phone Numbers, Passwords, etc.) shall
‘FOR OFFICIAL USE ONLY' materialt!!

SCIENTIFIC & ENGINEERING COMPUTER NETWORK
United States Army Tank-A e C

Research & Development Centar

Comp Mgt & Appl Rsch Ofc, drsta-ry

Warren, Michigan 48090, Ph: (313) 574-6548

oK,

OK. FIDDLEFADDLE
Not found. FIDDLEFADDLE (std$cp)
ER!

-

Figure 3-8. Format

of Annotated Terminal Session
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3.2.1. Login Procedure. To access the SUMMET I program, you must dial-up the
PRIME computer at TACOM, Warren, Michigan. Begin by putting your terminal in

even parity, full duplex mode. Then dial 1-313-574-6657 and wait for the

carrier signal. Place the telephone headset in the modem cradle and watch for

the carrier indicator to light on the modem. This signals a completed

connection between your terminal and the PRIME computer. The PRIME computer

may at this time respond with "OK," which is its command level prompt. It
also may not send the "OK," prompt, but just sit and wait for your "LOGIN"

command,

To login to the system, type:
LOGIN GILLES (appropriate password) ~ON DRAS (carriage return (CR))

All command-level responses are followed by a carriage return and the explicit

directions to do so will be omitted from here on.

The PRIME then prints out the login identification, followed by optional
system messages, and finally by the system prompt "OK,".

If at any time you issue an invalid system command, the PRIME will respond
with an error declaration followed by a different system prompt "ER,". This
is logically equivalent to "OK," and you may retype your command or type a new

one,
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0K, LOGIN ACCOUNT PASSHORD ~0N DRAS
PRIMENET 18.3.1 DRAS

FRINOS Version 18.3.1
GILLES (53) LOGGED IN AT 13:4% 032783

O
@)
O
@)
@)
O
O
O
O
@)
O
© SCIENTIFIC & ENGINEERING CUMPUTER NETWORK (DRAS)
O United States Army Tank-Autonmotive Comnand
Research & Development Center
'®) Comp Mat & Appl Rsch Ofc, DIRSTA-RY

Warren, Hichigan 48090, Ph: (313) 574-6228
O
O
O
O
@)
O
O
@)
O
O
©)

K,

0K, FIDDLEFADDLE
Not found. FIDDLEFADDLE (stddcp)
ER!
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3.2.2 Build SUMMET I Data File SUMIF5. TO enter data into a file for use
with the SUMMET I program, you will be using the PRIME Text Editor. To begin

entering data into a new file, type

ED
after the normal system prompt "OK,". The PRIME Text Editor will respond by
telling you that it is in the INPUT mode and give you the INPUT mode prompt
"g". You may now begin typing the input records for the projects you wish to

evaluate. The format of each of the data records are described in

Section 3.1.1.

After each record is entered, the PRIME will return with the INPUT mode prompt

"&",
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When you have completed all of the input data records, you strike a carriage
return following the INPUT mode prompt. The text editor then changes to the
EDIT mode and responds with the EDIT Mode prompt "§".

At this point, you should type

TOP

to return to the beginning of the input data records. Then type
P 100

to print 100 lines of your input file. The complete syntax of this command is
(P)RINT n

where P is the abbreviated form and n is the number of lines.

The text editor then lists your entire file (since it was less than 100
records). The five-digit number to the left of the colon is a virtual pointer

and is not part of your file. Each of the data records should be carefully

checked for accuracy and completeness.

50



foo e —— —— — —————— —— - — ——— i e L e M A e T S M A Tap M . et A — " -

& IR SUFPRESSOR -~ WIGH RISK
& 1 1
1 1.0
3

&
~Jd

rJ
-
o

P2
<
-
3 Gd O~ D

0.03 Q.05

Fra — —

P

<
“- = =
[0 I = oS B )
< OO
LY
o 3
<
s
o

<
-

=30
.40
«30

(== ]
« =

[ Y
<
O~ 4> 13

Ll = L S8 I 05 i 7 B P B N I Y RN

Pl
<
-

Lo

@) O

@) O

@) @)

@) O

O @)

O @)

@) @)

@) O

O @)

O O

@) O
O

O B OTOR

o $ P 100 O

ULL.

o 000011 ! o

00002 THREAT WARNING / REACTION SYSTEH

O 00003s 1 1 O

00004

O 00005 O

0000461

O 00007 s @)

G008

O 00009: O

000101

O 00011 O

00012

O G0013: O

000141

O 000153 O

o 000161 o

000178

000183 O

O 000191

00020 o

O 00621

o 00022z 0. O

J.00 5.0

1
)
2

<<
n
PR w R S XL
<3
ca O~ e DS

<
s
O e O
- s =
2 T3
<
‘d

B - T B o B P o R R O I I T R e 2 A |
L
Pex
<>
M

3

51




After a comparison of each of the input records and the data input sheets,
assume that you have found errors in records 4, 22, 37, 38, and 43 and wish to

correct the errors.
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You begin the corrections by moving the EDIT mode pointer to record 4 by typing

PO 4

- This is the abbreviated form of

{PO) INT n
where n is the record identifier. The text editor lists the contents of that

record and you correct the invalid part by typing
C /3.0 5/1.0 3/

This is the abbreviated form of

(C) HANGE /stringl/string2/

You must select "stringl®" in such a manner so as to ensure uniqueness within
the entire record. The text editor signals the completion of the CHANGE

command by listing the contents of the revised record.

After you are satisfied with the new contents of record 4, you move on to
record 22 by typing
PO 22
followed by
c /21/71/
to correct the incorrect entry "21".

Record 37 is correctd in a similar fashion. You may then move to record 38 by

typing
N
which is the abbreviated form for

(N) EXT
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Now you move on to record 43 and find that it has several errors and it would
be easier to retype the entire record. Yyou begin the correction by typing

D
which is short for

(D)ELETE n
where n is the number of lines you wish to delete, beginning at the current

pointer location. In the example you will see that the PRINT command has been
used to show that a NULL line is now at record 43. This is not generally

necessary when deleting a record.

The new record is put into the file by typing
I 7 1 1.0 2.5

The complete syntax for this comand is
(I)NSERT new data record
Note that there is a space following the letter I or the word INSERT that is

not part of the new data record.

You may check the alignment of the data in the new record by typing

P 2
which prints two records to help you check that the data in record 43 is in

the correct columns.
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After you have made all of the corrections to your data file, you should
return to the top of the data file and once again list the entire contents of
the file by typing

P 100
and check each of the records one more time. If you are working at a terminal
which is producing a hard copy, this final listing of your data file may be

saved as a permanent record of your inputs.

58




——— - —— " — Y ——— Y —— A — =t = AR e e M M S - . —— o o m

$ TOF

$ F 100
<NULL.
00001: 1

00002: THREAT WARNING / REACTION SYSTEM
00003: 1

00004:
00005
00004
00007:
00008:
00009:
00010z
00011
00012:
00013:
00014:
00015
600162
000172
00018:
00019:
00020:
00021:

O

O

O

© 1.0 3.0
O

O

O

O

O

O

O

O

O 00022z 0
o I
O

O

O

O

O

O

O

O

O

O

O

1
2

<
.

r) = —a
(=]
.
<
(28]
(=)
N
<>
O~

[T = B 3 =}
= o s
[ I = S K - ]

[= 2 = B =]
" a w
(25 = S 06 B )

00023:
00024:
00025:
00024
00027: 0.1
00028:
00029
00030
00031
00032:
00033
00034:
00035:
00034:
00037:
00038:
00039
00040: 0.40

00041: IR SUFPRESSOR - HIGH RISK
00042: 1 1

00043 7 1 1.0 2.5
00044: 2 3

00045: 0.6

UPFRESSOR - LOW RISK

T 1.0 2.5

P —

-

<
=
jus]
s

L =J
-t
wn

.
Tt e 2O

O P = P LN G R = Gl B S GRS = ) s OO P = NS P = B b Ol — = ) L —
L= = B ]

[ = J =]
«- .
oo

59




The data file which you have just created is only a temporary file and would
disappear if you were to exit the text editor at this point. To save your new

data file, type
FILE SUMIF5

The PRIME responds with the command level prompt "OK," to indicate that you

have saved your data and have exited from the text editor.
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3.2.3. Build SUMMET I Data File SUMIF9. This is the second data file
associated with the SUMMET I program. Data are entered into SUMIF9 in the

same fashion as discussed for SUMIF5 using the PRIME Text Editor.
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After all of the data records have been entered, you should list the entire

file and check for typing errors.
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$ P 100
SNULL.
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If you are satisfied with the contents of the file, type

FILE SUMIF9
to save the data in file SUMIF9 and to exit the text editor.
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O 00046z A4 L+ He He Me e He O
000475 45 L+ He He M- H- He

O (00482 44 M+ He L* M¥ M- He O
00049: 47 L& He M Me H- He

O 000503 48 M+ L+ H¥ Me M- He O
G0051: 49 M% He L He H- He

O 000523 50 L# H& L+ He M- He O

o 00053z 51 L# L+ He He L He O
00054: 52 M+ He L+ L+ H# He

O 000552 52 M+ L# N+ L¥ M Ha 0O
00056: 54 M+ L+ Mr Me He Me

O 000573 55 M+ L% M+ Hs M+ H O
¢0058: 56 M+ L+ M# L¥ He He

O 00059: 57 L+ H& Me L# He M O
000602 58 L+ M# L# M# He H#