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EXECUTIVE SUMMARY

- 

This investigation addresses the problem of formulating an
• Integrated decision aid from several functionally related decision aids

developed as part of the Operational Decision Aids program sponsored by
the Office of Naval Research. These aids include:

The Integrated Sciences Corp . Route Planner - An aid that assists
the decision maker in selecting the optimal air route from

• carrier to target through a radar detection field. The criterion
for optimization is a function of detection probability and fuel
consumption.

The Analytics Air Strike Timing Decision Aid--ASTDA - An aid that
assists the decision maker in selecting the optimal time to launch a
strike as a function of weather and force readiness factors that

• • Impact the engagement outcome.

• The Decision-Science Applications , Electronic Warfare Decision Aid-EWAR
An aid that assists in formulating electromagnetic emission control
plans by bal ancing surveillance coverage benefits and information-

• given-away costs.

L The SRI International Strike Outcome Calculator-SOC - An aid that
estimates the consequences of alternate courses-of-action for a
carrier based air strike campaign , using a deterministic engagement
model covering both adversaries ’ operations plans.

U Requirements for an Integrated Decision-Aiding System

:1 The aids itemized above were analyzed with respect to the generic
Ii mission probl em that they addressed , the specific process model that charac-

terized the engagement (mission) actions, the value model used to quantify
measures of effectiveness, the variables and parameters used in describing

S
the systems and decision factors, the optimization and analysis procedures
utilized , the methods used to display outputs to the decision maker, and the
roles of human judgment and heuristics assumed In the decision process._______
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Several properties that an integrated decision aid should exhibit

• were identified . These properties are: consistency, flexibility , efficiency,

validi ty, extendibility and understandability .

The mutual compatibility of the component models and the means by

which they interface with one another are discussed.

It was decided that the integrated aid should be compatible with the
• diverse styles and strategies used by different decision makers and should

• permi t the explici t incorporation of the user 1 s expertise in the decision

making process. Aid features should be implemented as user-controlled options
-- in order to allow the aid to conform to the needs of the individual user. It

should be possibl e to treat all data and processes as certain and deterministic
according to the characteristics of specific situations or, optionally, to

consider the consequences of statistical uncertainty in data estimates and

- 
process events. The user should be able to focus only on the features of a

- 
specific decision problem from a single perspective or, alternatively, con-

figure the aid to address the problems of both adversaries in a war-game

exercise. An optional operator-aided optimi zation technique based on a non-

l inear progranining aglori thm might eventually be added to the integrated system

for determining an optimal strike approach route and this technique might also
‘
~ be extended to other strike planning probl ems. The abil ity to examine the

intermediate results in a process (intraprocess analysis) and to analyze the

sensitivi ty of an outcome criterion of a process to the principal input vari-

abl es (sensitivity analysis) should be available so that the decision maker
can make reliable assignments of value to process results. Finally, the linkage

between short—term action and longer term mission goals should be clearly displ ayed.

A U
I ConclusionsI ;~ The four problem-specific aids discussed contain effective tech-

:1 niques applicable to an Integrated aid. Integrating these separate aids
I necessitates considerable additional work to achieve the required compatibility

In their overlapping domains. For ASTDA, EWA R and SOC to work together , a

~ 
UI vii 
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consolidated engagement model is needed that will replace the individual

I. models; the consol idated model should be operable in both deterministic and
• 

- stochastic modes. A cornon procedure for valuing strike mission results is

required to replace the separate val ue models of the Route Planner , ASTDA ,
and EWAR. Variables suc h as the flight altitude of the strike force on

-~ T~ 
• 

- -approach to the target , the duration of engagement between the stri ke force
and the enemy interceptor force , and the damage levels sustained during the
engagement must be incorporated into the model s of the engagement and radar
detection processes to improve their operational accuracy. Standardized
display formats should be adopted for tables , graphs , and maps offered by
the integrated aid.

• Reconinendations

- Development of the integrated decision aid involves a two
pronged effort -- a “top-down” approach in which the task force objectives

and the consequent model requirements are further definitized and a “bottom-
up” approach that defines a compatible interface between the component decision
aids. As a first stage of integration, an integrated aid might support the

• planning for a single air strike mission . In such an aid , key elements of
• the Route Planner and ASTDA would be combined into a higher level aid known

1 as SCAMP-i (Strike Campaign Planning Decision Aid - Version 1). This aid
would be upward compatibl e, allow ing features of EWAR and SOC to be incor-

porated In future development efforts. SCAMP-i would assist in a broad range
• I . of strike time, strike force complement, and target assignments. The first

step in the development of SCAMP-i would be the adaptation of existing process
and value models. This step can be accomplished in a short time because the

- .  available models provide most of the necessary components. Subsequent
development phases will require the development of new program components
to achieve an efficient extendible system.

[1
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• 1. INTRODUCTION

In the Operational Decision Aids program, the Off ice of Naval
Research has sponsored the development of a variety of decision aids for
naval command and control decision problems. These aids have been designed

• • to assist in the solution of various tactical decision problems tha; a task
force command would encounter in a wartime environment. Aids have been
developed for the specific probl ems of determining a flight path for an air
strike force, selecting a launch time for an air strike, devel oping a com-

prehensive pl an for a battle campaign, and constructing and analyzing electro-
magnetic emission control plans. Two general purpose aids have al so been
developed, one to construct and analyze decision tree structures and another

• to perform Bayesian updating and expected value calculations. At a more
basic level , an extensive data base has been constructed to support experi-

mental versions of the decision aids and a sophisticated superstructure
has been developed to interface the user with the data base and the aids.
Together, all of these aids and supporting systems offer assistance to the
task force comand in a wide range of decisions concerning task force
operations.

• In contemplating the simultaneous installation of all or some of
these decision aiding systems in a task force command center, there are a
number of Important considerations which have not been addressed in the
development of any single aid. These considerations bear on the issue of
how the aiding systems Interface with one another , both in concept and in

J] practice. On the practical side, there are questions about how the user
accomplishes the transfer of data from one system to another In cases in

1 which two or more aids perform related functions and how the user can

• 

• Implement a component of one system (e.g., a Bayesian updating processor

1—i 
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or a multi-variate optimizing algorithm ) to perfo rm a related funct ion  for

another decision aiding system. The lack of an adequate interface can corn-

p letely bl ock any complementary use of dist inct systems desp i te obv ious
• interrelations between the real situations being represented.

Conceptual interface problems can arise from an inconsistent

interpretation of similar concepts by different aiding systems. The same
real -world variable might be defined or quantified very differently in

• separate systems, thus requiring the user to enter the same data repeatedly,

each time accord ing to a different arbitrary conven tion. Dist inct systems
• that deal wi th the same process may focus on different descri ptive variables

for the inputs and outputs of the process, and they will almost certainly
emp loy different mathemati cal model s for the same process. Different levels
of detai ls and degrees of aggrega tion are likely to be represented in the
input and output variables of different systems. Thus, the lack of an
effective conceptual interface between a set of functionally related aid s
can generate confusion and aggravation on the part of the user because he
is required to supply more input data than appears necessary and because he
is pressed to interpret a variety of conflicting outputs. Interface problems

at the conceptual l evel can also be expected to interact adversely wi th any

mechan ical interface problems that are also present, thus disposing the

user to operate each aiding system as if none of the others were available.

The research described in this report has focused on the identifica-
tion and solution of the interface problems that would  a r i se  from the co l lec t ive

implementation of the four ODA decision aids which deal wi th specific tactical
problems. The aids to be interfaced with one another include the Route
Pl anner developed by Integrated Sciences Corporation , the Air Stri ke Timi ng

Decision Aid (ASTDA) developed by Analytics , the Elec tronic Warfare Dec i s ion
A id (EWAR) developed by Decision-Science Applications , Inc., and the Stri ke
Outcome Calcula tor (SOC) developed by SRI International . Attention has been
restricted to these probl em-specific aids because they pose more substantial

1-2
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interface problems than the more general systems and because they deal wi th
clearly related processes. The SOC simula tes offensive and defensive task
force operations in order to provide estimates of the results of protracted
campaigns directed by precise contingency plans. The EWAR aid simulates
defensive task force operations to predict the results of various emission
control policies in specifi c threat situations. ASTDA simu lates single
air strike missions to provide estimates of the outcomes of missions l aunched
at different times and manageabl e evaluations of those outcomes. The Route
Planner does not incorporate any simulation process, but it does employ a
value function for the potential effectiveness of a strike mission that
approaches a target by a particular route through a field of enemy radar
stations. Major interface problems can thus be expected regarding the SOC
and EWAR s imulations of defens ive task force operations , the SOC and ASTDA
simulations of offens ive task force operations , and between the Route Planner
and ASTDA identifications of the factors that determine the strike potential
of the strike force upon arriving at the target.

There are undoubtedly many ways in whi ch the ODA aids could be
effectively integrated to avoid interface probl ems. Each particular problem
can be resolved by adopting the mechanism or concept of any one aid for the
integrated system or by developing a new compromise feature for the combined
system. In order to resolve just the more serious i nterface problems, sub-
stantial modifi cations will have to be made to all of the component aiding
systems. The ultimate extent of these modifications will be determined by
the particular interface problems that are addressed, the manner in whi ch the
problems are resol ved, and any additional system development that is under-
taken. The subject of additional system development should be considered in

• l ight of the incomplete or experimental status of all of the systems to be
integrated .

The first step in the development of an integrated aiding system
from all four prototype systems Is the careful examination of each component

system. According ly, Section 2 of this report offers detailed descriptions
of each of the problem-specific decision aids as gleaned from available 

_______
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documentation and conversation with the aid developers. We must note that
the observations, interpretations and conclusions that are expressed through—

• out this report, and in Section 2 in particular , are the responsibility of

the report authors alone and do not necessarily represent the views of the
developers of the individual decision aids or of the ODA steering committee.
Since the existing documentation for the decision aids varies considerably
in organization and level of detail , we constructed a single general outl ine
for the discussion of all of the aids in order to facilitate comparisons
between them. The outline is designed specifically to highlight the funda—

• mental differences between the aiding systems which mLst be resolved as the

first step of the integration process. The main points in the outline of

decision aid features are as follows:

• Identification of target probl ems.

-- n what type of situation and what timeframe is the aid
designed to be used? On what types of decision options

• does it focus?

• Identification of process models. ; •

-- Does the aid Incorporate mathematical model s of any real -
world processes such as military engagements or repair
operations? How are any such model s impl emented?

• Identification of value models.

-- Does the aid determine a numerical value for each decision
option to represent the overall desirability of that option
in terms of the objectives of the decision maker? What
mathematical formulae are used for such calculations?

• Description of variabl es and parameters.

-— What input variables and parameter estimates are required
by the aid? What outputs are offered? How are decision

• • alternatives represented? How, if at all , is uncertainty
in estimated quantities represented?

• Description of analysis procedures.
• 

-- Does the aid provide an automatic procedure for determining •
a configurat ion of i nput var iables which resul ts in  an ••

1-4 
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optimal value of some output criterion? Can the user
examine isolated sensitiviti es of output variabl es to
input variables? Are other auxi liary analysis techniques

• incorporated in the aid? What are the mathematical bases
of such analyses?

• Description of display features.
• -- What displ ay techniques are used to convey information to• the user? Is data displ ayed tn tables or graphs? How

is statistical distribution data coded?

• Discussion of the role of human judgment and heuristics.

• -- In what way does the aid complement or preempt the judgment
of the user? Can the aid be used equally effectively with
a variety of decision making strategies or does it dictate

- - a single, fixed strategy? Does the aid require the user to
provide any estimates that he cannot make reliably and
confidently?

• I
Followi ng the description of the individual aids In Section 2, we

• discuss in SectIon 3 the specific problems that are addressed in the inte—
• gration process. These problems concern the issues of how the component

systems Interface with one another and al so some important shortcomings in
the current systems with regard to their operational objectives. While it
Is appropriate that the current prototype decision aids should have incor-
porated some simpl ifications to expedite their development and implementation,
It is Important to avoid bui lding such simplifications into the integrated
system in a manner that will hide the simpl ifications or will make them more
difficult to rectify in subsequent aid development. The discussion in Section
3 identi fies the specific areas in which modifications and further develop-
ments of system features should be considered both to Improve the interface
between component systems and to enhance the usefulness of the integrated
system.

Descriptions of two approaches to the design of an integrated
decision aiding system are presented In Section 4. The first approach, 

•

characterized as a bottom—up design , consists of piecing together the availabl e

1-5 
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• decision aiding components to create an harmoniously functioning system. A
first stage application of this approach is described for the planning of a
single strike mission. The second approach, termed a top-down design, focuses
on the problem of structuring the decision situation. The basic concept

of this approach is to conduct a systematic analysis of objectives before
proceeding to an analysis of action options available to the decision maker.
This type of system design is appropriate for expansion of the integrated
system from the domain of single strike planning to that of comprehensive
campaign pl anning. The relationshi p between the two approaches to system

design is represented in Figure 1-1 .

• A general software structure suitable for the integrated system is

presented in Section 5. The structure calls for the separation of the decision
aiding system into the distinct component functions of data base establishment,’

problem specification, and solution description. The object of this organiza-
tion is to segregate data that is relatively permanent and general from data
that is transient and situation specific. At the same time this structure
facilitates the development of common software routines for performing
related data inpu t and analysis functions for all component decision aiding
applications.

Finally, conclusions and recommendations- for further development
are presented in Section 6. It is suggested that both the bottom-up and top—
down approaches to system development be pursued in parallel. New display and
analysis techniques for strike planning should be developed and experimentally
evaluated as one effort while a structure for analyzing task force goals and
their relationship to decision options should be investigated as a separate
effort. The end result of these two approaches together should be an inte—
grated decision aiding system that both addresses the real needs of the 

-

,

decision maker and makes optimal use of available decision aiding technology.
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2. THE PROBLEM-SPECIFIC DECISION AIDS

2.1 ASTDA
The Air Strike Timing Decision Aid (ASTDA) developed by Analytics

(Epstein et. al ., 1977; Glenn and Zachary , 1978; Epstein , 1978) assIsts
a Task Force Coninander (TFC ) and his staff -in choosing the optimal time to
launch an air strike mission , given uncertain and time-varying predictions
of the weather and force readiness conditions that would obtaIn at the time

of the strike. ASTDA combines user-supplied probabilistic predictions of
weather and readiness states with Information from an extensive data base
as input s to an engagement model which produces statistical estimates of
the outcomes tha t would result from launching stri kes at different times.
Outcomes are in the form of unit-specific loss estimates for each type of
own and enemy system. A value model provides an aggregated mission-achieve-
ment score based on these outcomes. Special features of the aid enable the
user to test the sensitivity of loss estimates and value outputs to variations
in each of the Input predictions and to examine the distribution of losses
ov er the various parts of the sim ulated mission. The aid Is Interactive ,
with a variety of tabular and color graphic displays of the input and output
data. The general structure of ASTDA Is represented in Figure 2-1 .

2.1.1 Target Probl em
ASTDA was designed to aid In the situation in whi ch a decision to

launch an air strike has been made and a strike launch window (I.e., the
total range of possible launch times ) has been established, but the precise
time to launch remains to be resolved . It also assumes that many of the
details of the strike , in addition to the launch window, have been predetermined,
such as the type of stri ke , the optimal aircraft complement, the weapon con-
figurations, and the targets to be attacked . The resul ts of launching at 

- • 
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• various times in the strike launch wi ndow are affected primarily by the
• • different weather conditions and states of own and enemy preparedness

encountered at the different launch times. To the extent that extremely
different conditions may prevail during the launch window than those expected
when the Op Orders were formed, it is possible the the decision maker may
opt to change some of the predetermined mission parameters or even decide
not to launch the strike at all. The aid Incorporates arbitrarily fine-
grained predictions of the -Input variables (e.g., hour-by-hour estimates of
weather conditions and own and enemy readiness) and generates similarly
detailed predictions of the resul ts of the strike. The primary timeframe

• for the use of ASTDA is the 24 hour period preceding the strike l aunch window.

• - 2.1.2 Process Model
• ASTDA uses a stochasti c engagement model to produce statistical
• • estimates of the results of strikes launched at each of the specified times

In the strike launch window. The model predicts the results of a single
carrier-based air strike against a defended target. The strike mission is
sub-divided into four segments -- ingress to target , engagement at the target,
egress from target , and landing at the carrier -- each of which Is modeled
separately. In each segment, a probability of surviving the segment Is
computed for a single unit of each type of Blue (own) and Orange (enemy )
force element. Each unit of a given type therefore has the same survival
probability , but the survival of each unit is treated as an independen t
Bernoulli event which is sampled in a Monte Carlo fashion. This procedure
incorporates the uncertainty inherent in a military engagement into the
results of the model . In the case of Blue force bombers, survival in the

• ingress segment represents survival to the at-target segment, but some uni ts

not surviving may successfully abort the mission by ,jettlsonlng their ordnance
• and returning to the carrier . These possibilities are model ed through the

computations of separate probabilities for Bernou lli events represen ting
success or failure of attempts to abort the mission and return to the carrier.
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• The inputs to the engagement model are the numbers of Blue aircraft
of each type successfully launched, the numbers of each type of Orange
interceptor encountered, the number of operational Orange defense units of

each type, the weather condition at the target (at the time the aircraft

arrives there), and the weather condition at the carrier (at the time the
aircraft returns to the carrier). These values are sampled from their
statistical distributions in a Monte Carlo manner. The outputs of the model

-r are unit—spec ific loss figures for each type of Blue and Orange system (air-

• craft, defenses, and targets ) over the enti re mission. The model is run a
sufficient number of times to generate distributions of results which reflect

• • the uncertainty contained in the input predictions and in the outcomes of the
engagements in each segment.

• 2.1.3 Value Model
ASTDA constructs a composite mission-achievement score (utility)

from the results of each run of the engagement model through the use of its
value model . The utility score distribution statistics are provided to the
decision maker along wi th the other ASTDA outputs . The utility score is com-
puted from a value model which evaluates the mission as a• weighted sum of
all the Blue and Orange losses during the mission. The weight assigned
to each type of unit is based on the estimated Impact of the loss of one
unit on the achievement of the mission objectives . Thus , Blue aircraft have
negative weights (los i ng a Blue aircraft reduces the achievement of mission
objectives) and Orange aircraft, defenses and targets have positive weights
(destroying Orange resources contributes to the achievement of mission
objectives). The relative magnitudes of the wei ghts indicate the relative

importance of the various unit types on a linear value scale. ASTDA assumes
that the values assigned to each Blue and Orange unit on this scale represent
the coimiand level value judgments within which the decision maker must work.

2.1.4 Decision Variabl es, System Variabl es, and System Parameters
t1 1 ASTDA provides the decision maker with  a s ingle decision variabl e,

the stri ke launch time to be chosen. It divides the strike launch window

_ _ _ _ _  _ _ _ _ _ _  _ _ _ _ _  • :: ~~~~~~ • • • • • ___•
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into two to six equal intervals (depending on the width of the window), and
presents all Input and output informatIon in terms of the starting point of
each of these intervals. One hour intervals are employed in the current

• 
- version of ASTDA, but other interval periods could be implemented.

ASTDA ’s input variables represent those independent characteristics

- 

of a strike that could have an impact on its outcome. There are a total of

• • 10 Input variables. Eight of the variabl es describe the numbers of specific

Blue and Orange force units that will operate at each possible launch time.
The other two describe the weather conditions at the target and the carrier

- .  at each possible launch time. The eight uni t-specific input variabl es are

grouped for display and data entry purposes -into three categories -- Blue
• Force Readi ness. Orange Air Defenses and Orange Ground Forces. Blue Force

• Readiness represents the numbers of three types of Blue aircraft (one fighter’
and two attack aircraft). Orange Air Defenses represents the numbers of two
types of Orange interceptor aircraft. Orange Ground Forces describes the
numbers of two types of Orange defensive system (surface—to—air missiles
and anti-aircraft artillery sites) and one type of passive ground target.
Each input force unit variabl e is described by a separate probability distribu-
tion for each possible launch time, while the weather input variables are
represented simply by a probability of “good” weather at each possible strike
launch time.

- The output variables of ASTDA are the predictions of the engagement
model . There are nine output variables , the number lost for each type of
Orange or Blue system involved , and the composite value or utility score. Each

- •  output variabl e is represented by a probability distribution for each possible
launch time.

The principal system parameters in ASTDA represent fixed factors
from which the segment-to-segment survival probabilities are computed. They
Include:

. The one-on-one survival probabilities for each possible
_______
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• The proportion of total units of a given type that will be
depl oyed against each type of opposing unit ,

• The number of sequential engagements that can occur in a single
mission segment between each combination of engaging units ,

• The number of opposing units of each type that can be simul-
taneously engaged by each type of fighter aircraft, and

• The duration (in hours) of each of the mission segments.

Parameters in the first four groups each have separate values for good and
bad weather. All of these parameters are inaccessible to the user.

2.1.5 Optimi zation and Analysis
ASTDA does not select an optimum strike time. Instead, it computes

and presents its results in a way such that the decision maker can readily
select an optimum strike time by choosing the strike time with the highest
expected utility. However, since some decision makers may desire more
detailed information than is provided by a single sumary figure, ASTDA
provides two additional analyses -— the sensitivity analysis and the intra—
process (or loss—by—segment) analysis.

In ASTDA, each input variable represents a separate, independent
factor which has a separate and distinct effect on each output variable.
ASTDA’s sensitivity analysis enables the effects of variations in the individual
input variables on the output variables to be evaluated . This enabl es the
decision maker to evaluate the effects that errors in the estimation of the
Input distributions may have on the results of the engagement. When using a
sensitivity analysis the user must choose a specific strike l aunch time, an
input variabl e to be varied , and one to six specific values of the input
variable. For each value of the input  variabl e ASTDA runs the engagement
model at the specified stri ke time using the same value of the input vari able
each time the model is run, but sampl ing from the distributions it would
otherwise use (for that strike time) for all the other input variables . This

• produces distributions of results for each output variable for each specified
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value of the input variabl e being examined. These distributions are then

statistically suninarized and displayed to the• user upon request.

The intraprocess analysis allows the decision maker to examine, for
a specific stri ke launch time, the distributions of losses for both the Blue
and Orange forces in each segment of the simulated missions. The user specifies
a stri ke launch time, and ASTDA runs the engagement model wj th the data for
that time, recording all the losses in each segment as wel l as the overal l
mission losses. It then displays losses in each segment for the Orange and
Blue forces.

2.1.6 Di splay Features
W ith two exceptions, ASTDA produces simultaneous tabular and color

graphic displays of the same information. Each displ ay shows a group of
related input or output variables . For the force readiness and loss data
each variabl e in a displ ay is represented by an uncertainty band ~‘:-‘9ned by
three statistics of the distribution -- the mean , the standard deviation , and
a parameter cal led delta. The uncertainty band is a two standard deviation
range around the mean that is adjusted to most nearly equalize the portions
of the distri butions above and below the endpoints of the represented range.
The amount of offset or bias from a syimiietric two standard deviation range
around the mean is called delta. In tabular representation, an uncertainty
band is displayed by showing the mean of the distribution and the bounds of
the uncertainty band. In graphic form, the uncerta inty band is drawn as a
colored bar wi th the mean indicated by a gap in the bar. For the displays
of weather predictions, the probability of good weather at each relevant
time is represented as a number in a table or a point on a graph.

The two ASTDA displ ays which have no graphic form are those which
do not displ ay distribution data for any input or output vari ables. One is
the displ ay of the weights assigned to the Blue and Orange unit types by

• the value model . The other is a suninary display of the times at which all

the inpu t forecasts were entered and the time windows covered by those
fo recasts . 

_______
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2.1.7 Roles of Human Judgment and Heuristics

While the presentation- and computation of utilities for each of
- • the possibl e strike times makes available to the decision maker a simple

form of optimization of strike time , the model s upon which the utilities are

based embody a strong set of assumptions. Only a highly restricted repre-

sentation is provided for the context of the air strike mission and the con—
text of the decision situation. Al ternate ways to evaluate the results of
the engagement model are not addressed, for example, in terms of exchange
ratios or relative force attrition. The additive linear value function
evaluates the strike mi ssion results by considering only the losses sustained

by the various Bl ue and Orange unit types wi thout regard to partial damage or
initial force levels. Al so, the dec i s ion maker may have reason to have more
confidence in some of the input variable predictions than in others, due to

• personnel , equipment or other considerations , and he must somehow deal with

these variations in confidence in his interpretations of the model outputs .

W h i l e  the sensitivity and intraprocess analysis features hel p the decision
maker to incl ude exogeneous variables into the decision process, the

identification and integration of these factors into the ASTDA input and
output information is l eft to his judgment.

The displays of uncertainty along with expected values enabl e the

user of ASTDA to consider the relative risks associated with the strike launch
al ternatives. The user is not req’~ired to focus only on the expected utility

of possible actions. Although utility functions could , in principle, be

constructed to incorporate the risk attitude of the decision maker, the
elicitation of the rel evant judgments for such constructions can be a difficul t,
unreliable, and time consuming process. By disp laying statistical uncertainty

directly to the decision maker, ASTDA allows him to make explicit considera—

tion of the tradeoff between maximizing expected goal achievement and
minimizing the risk of obtaining unacceptable resul ts.

__________ — 
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2.2 ROUTE PLANNING AID

Integrated Sciences Corporation (ISC) has inve..ti~ated the use-
ful ness of a variety of decision aiding concepts for the problem of planning
a transit route through a field of enemy radar stations. The objective of

the ISC research has been to determine the best way to allocate problem
solv ing functions between the human and the computer. Initial work focused
on evaluating the capability of the human to draw with a graphics input device
the composite detection rate function of several radar sensors (Irving , et al.,
1977). A principa l conclusion of that work was that people cculd produce
accurate estimates of the composite detection rate function. The estimates
of detection rate functions drawn by operators were called Sketch Models.

A subsequent investigation (Walsh and Schecterman, 1978) examined
• al ternate ways to formalize the route pl anning problem and various degrees

of automation that coul d be used in search for an optimal trans it route. The
basic route planning probl em in all cases was to define a path in terms of
connected straight line segments (called path legs) with a flying speed for
each leg . The goal was to maximize the value of a nonlinear utility function
which depends on both the cumulative probability of detection and the quantity
of fuel consumed in traversing the route. Two fornializations of the problem
were cons idered . In one representation, a ll dec i sion var iables were treated
as discrete, the routes being constructed by connecting adjacent points in
a rectilinear grid and the flying speed for the legs being chosen from three
distinct values . In the other representation , the decision variables are
continuous wi th the routes being comprised of five legs with connecting

• “waypoints ” located anywhere on the planning map and flying speeds for the
legs taking any values between maximum and minimum limits . For each type of
probl em representation, three general types of decision aiding concepts were
developed -- manual route planning , totally automatic route planning , and
i nteractive route planning (called operator aided optimization , or OAO , by
ISC ) in which the operator directs a constrained automatic search procedure.
A dynamic programing algor ithm was used for the automati c and OAO searc h
functions for the discrete version of the problem and a nonl i near programing 

- 
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algor i tlin performed those functions for the continuous version of the problem.
The ma in conclus ions of the study were that:

• • The conti nuous formulation of the route planning problem was
more appropriate than the discrete formulation.

• The OAO-NP aiding concept (i.e., OAO with nonlinear programming)
achieved the best overall problem solving performance.

• The lack of a technical education was apparently not an impedi-
ment to good performance wi th or wi thout either type of aid.

• The time required to train an operator adequately to use
either aid was relativel y short, namel y, four hours.

In the following discussion we will use the term “Route Planner ” to
refer to the manual and OAO aiding concepts developed by ISC to address the
continuous formulation of the route planning problem . In the manual mode
implemen ted by ISC during the ex per iments , the operator was only allowe d to
make a single guess at the best route. This corresponds to the unaided
manner in which route planning is done today; it served as a basel ine for
comparison with the OAO concept and the fully automated concept. At the time
of this writing , ISC is about to start an experiment to compare a modified
version of manual planning wi th OAO . In the modified version, the operator
will enter a route and the computer will calculate and display criterion
values for the path, including cumu l ative utility , detection probability , and
fuel consumption. The operator will optimize by iteratively seeking improved

paths based on what he has learned from criterion values obtained from pre-

• viously input paths.

The OAO-NP concept developed by ISC calls for the operator to make
an initial guess at the best route, after which the NP algorithm iteratively ¶ •
modifies the route parameters (path geometry and flying speeds) to achieve
the local optimum. In general , the operator must try several cycles of the
process of ma king a guess and having it improved by the NP algorithm before
he can be reasonably assured that he has determined a globally optimal path.
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It is important to recognize that the decision aiding concepts

developed by ISC to assist in the route planning have been oriented more
toward addressing general issues of decision aid design than toward the
demonstration of a comprehensive aid for an operational decision problem .
The authors of the ISC documentation cited above make it cl ear that an
operational route pl~anning aid would have to incorporate factors (e.g.,
flight alti tude) which they were forced to reject for the sake of experimental
economy. Nevertheless, we will describe the Route Planner as it has been
configured for the ISC experiments in order to indicate the extent to which
existing software can be borrowed or adapted to perform route pl anning
functions in an integrated aid. Figure 2-2 diagrams the structure of the
Route Planner.

2.2.1 Target Problem

• The decision aiding concepts developed by ISC are potentially

• 
- appl icable to a broad range of multivariate optimization problems , but to

date, the system has only been applied to the problem of planning a transit
route through a dense radar surveillance field. The current system requires
an input file that specifies the origin and destination of the route and the
location of each radar station. All radar stations are assumed to have
identical detection capabilities (though in the earl ier research wi th the
Sketch Model , variations In radar detection characteristics were implemented.)
The quality of a route is assumed to depend on the cumulative probability of
being de•tected and the expected consumption of fuel , though other cr i ter ia
are compatible with the aid. It is likely that the route planning decision
would be made by an air operations officer. The appropriate timeframe for

the route planning decision depends on the availability of information about
the locations and characteristics of enemy radar stations and their capa-

bil ity for movement. If the radar stations are non-mobile l and-based
installations, route pl anning may be conducted days or weeks in advance of,~
the transit mission. If the radars are ship—borne or mobile land-based units ,
the route planning decisions would be limi ted to several hours before the

• start of the mission. For airborne radars, it would probably be desirable to
have a route planning aid that could be used in real time.
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2.2 .2 Process Model
• The Route Planner has no engagement model comparable to those used
by the other three aids described here. It uses closed form analytic formulas
to model the consumption of fuel and the cumulative probability of bei ng
detected as aircraft traverse the route from the carrier to the target. Fuel

• consumption is computed for each leg in the route by mu l tiplying the length of

the leg by a fuel consumption factor which is dependent on the speed chosen
for that leg . The values are then summed across all the l egs in that route.
The cumulative probability of detection is also computed separately for each
leg and then combined over all the legs. For each leg , the cumulative prob-

ability of detection is computed from an integral of the detection rate

function taken over the interval of time the aircraft is travel ing the leg.
The time duration of a leg is cal culated directly from the length of the leg

and the flying speed. Uncertainty in the input data is not considered in
any of the computations.

2.2.3 Value Model
Two attributes for the value of a route are currently identified

in the Route Planner , cumulative detection probability and fuel consumption
over the approach route. In addition to providing the user with separate

information about these component route criteria, an overall route utility
is defined as a nonlinear function of both criteria. In the utility function,
a fuel consumption term is raised to a power that is a function of the
cumulative probability of detection. The particular form of the utility

function is somewhat arbitrary, wi th a particularly complicated formula
being used to illustrate the versatility of the technique and to produce a
chal l enging experimental task in the initial judgment of an approach route.
The fuel consumption characteristics of the strike aircraft are explicit

• parameters of the utility function .

• 
2.2.4 Decision Variables , System Variabl es, and System Parameters

The decision variables in the route pl anning aid are the features
which define a candidate route -- the starting and ending points and flying
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speed of each leg of the route. The aid defines the complete route as con-
• • sisting of five legs. Since the starting and endi ng points of the complete

route are predetermined, four points remain to be established duri ng the
decision process with each point being defined by two coordinate values .

Flying speeds must al so be determined for each of the five legs of the route.
Consequently, a total of 13 decision variables are treated by the aid.

Since the Route Planner has not yet been configured for operational

use, we can only speculate as to which variables will be accessible to the
user (i.e. system variabl es) and which will be inaccessibl e (i.e., system
parameters). It seems reasonable to expect the system variabl es to include
origin and destination of the route, sensor locations and type designations
(assuming that more than one type of sensor will be considered). The Route
Planner automatically calculates and displays the composite detection rate

function for the complete field of radar sensors. The output variables that
are availabl e to the user for each route are the utility score and cumulative
fuel consumption and detection probability figures. In OAO mode, the number

of iterations of the optimization algorithm is displayed . System parameters

for the Route Planner presumably include the specific detection capabilities

for the radar sensors and the fuel consumption characteristics of the air-

craft flying the mission.

2.2.5 Optimization and Analysis

In OAO mode, the Route Planner empl oys a nonl inear programming
al gorithm to determine a local optimum for the utility criterion function
by using the user—supplied candidate route as a starting point and varying
the starting/ending points of the legs and the flying speeds on them. The
terminal points of the legs may be located anywhere on the planning map dis—

played by the system. The search is iterative so that a useful result can

be obtained if the search is terminated at any time. The particular algorithm

that is currently implemented uses a grad ient-free method that does not

require the criterion function to be differentiable. In order to improve II
the speed of the search for a l ocal optimum , Walsh and Schechterman (1978)
have suggested that a gradient sear:h :ethod be developed .
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In OAO mode, a trace of the “best route to date ” can be retained
on the graphic map display along with its various value criteria while

further candidate routes are formulated and evaluated . No special analysis

procedures are availabl e just for the manual mode.

2.2.6 Display Features
The Route Planner makes extensive use of color graphic display

techniques. The operations area scenario is presented in the form of a
colored map with the composite or individual sensor detection rate functions
displayed as iso—detection-rate contours. Different colors are used to
code different detection rates. The routes are entered by the decision

maker through an interactive graphics method .

2.2.7 Roles of Human Judgment and Heuristi cs

Human judgment is used in the operator-aided optimization mode to
provide the nonlinear programming algori thm with a start in its search for
a local optimum and to determine when the search should be stopped. Humans
are able to process the information contained in the two-dimensional display

(really a three-dimensional displ ay projected onto two) very quickly and

intuitively. The human operator can locate likely candidate routes by
simply examing the composite detection contours or even the overlapping

individual sensor contours. The user is, in all l i k e li hood , applyi ng s imple

visually based probl em solving heurIstics• • such as search ing for the “valleys ”
in the composite detection field, or by seeking an “end run” around the

detection field to one side or another. The optimization algorithm is unable
to selectively choose promising starting routes, a task at which the human
clearly excels.
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2.3 EWAR

The Electronic Warfare aid ( EWAR) developed by Decision-Science
Associates (Pugh, Kerchner et al., 1977; Noble, Pugh , et al., 1978) assists

• in the development of the emission control (EMCON) pl ans for a task force.
EWAR facilitates the process of specifying an EMCON plan and, once one has been
entered, it draws upon its data base to produce estimates of the surveillance

• coverage the plan provides , the amount of information the plan gives away to
the enemy concerning ship identity , and the portions of the frequency spectrum
covered by the pl an. If the user specifies potential enemy air strikes
against the task force, the aid will use a deterministic engagement model to
produce estimates of the effectiveness of the surveillance provided by the
EMCON plan against a strike of that kind . EWAR also allows a comparison of

the surveillance effectiveness and the amount of information given away
across several candidate EMCON plans . The system is interactive and produces
both tabular and graphic displays . The structure of the EWAR aid is diagramed
in Figure 2-3.

2.3.1 Target Problem
EWAR was des igned to a id in the cons truct ion, evaluat ion, and com-

parison of alternative EMCON plans for a carrier task force. It aids in the
processing and coordination of a large volume of information on sensor/plat-
form capabilities and relationships and helps to balance the effectiveness
of surveillance provided by the EMCON plan against the amount of information

• concerning the task force provided to the enemy. The effects of EMCON plan-
fling on communication , control , and sonar surveillance systems are not
addressed by EWAR. Three roles for the use of EWAR can be distinguished --
generation of E’MCON p lans to be incorporated into the task force Op Orders,

J modification of previously 8pecified EMCON p lane to accommodate changes in

task force disposition or equipment status, and selection of an EMCON p lan
on the basis of estimates of enemy plans to attack the task force. Thus, a
very broad range of timeframes are appropriate for the use of EWAR. For all

( applications, the primary user of EWAR would be the electronic warfare (EW)
officer .
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2.3.2 Process Model
EWAR incorporates a variety of models for processes associated

wi th task force defense against enemy attacks . These include a model of the
enemy’s classification of task force ships based on electromagnetic emissions,
several models for the enemy’s allocation of strike aircraft to task force

— ships , a model of task force radar system performance In detecting enemy threats ,
and a model of the air strike engagement between enemy aircraft and the task
force.

It is assumed that the enemy uses a Bayesian inference procedure

to classify task force ships on the basis of electromagnetic emissions . The
Inference procedure is based primarily on the pattern of task force radar
emissions and information about the types of ships in the task force and the
types of radars carried by the ships. The model can also acconinodate user-
specifi ed targeting information gained from other intelligence sources.
Because the calculation of Bayesian probabilities requires a prohibitive
amount of computer processing, the EWAR algorithm uses an approximation
technique which gives accurate results for the situations of concern.

EWAR allows the user to al locate strike aircraft to task force
ships according to any of four automatic assignment rules or by manual assign-
ment. The automatic assignments consist of allocating strike aircraft to
ships either optimally or proportionally to ship value where ship value can
be based on either the actual classification of the ship or the classification 

-

derived from the Bayesian inference procedure. Optimal allocations maximi ze

expected ship damage. They consider target value, optimal attack direction

(within specified l imi ts), penetration probability , and margi nal damage for
each weapon.

The EWAR model for the performance of the task force radar system
determines the detection rate for a specified aircraft threat by all operating
task force radars. The model considers the size and altitude of the threat,
Its distance from each active radar, the sea state, weather, any jaming by
the enemy, and operator detection efficiency. _______ 
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• The EWAR model for the strike engagement represents the engage-
ment as comprised of two sequential stages; first the strike aircraft are

engaged by task force air  defenses , then the attacking weapons are launched
and damage is inflicted on the task force ships. Both processes are described
probabilistically, but the model actually operates deterministically wi th the

outcome of each process being defined as taking its expected value. After an
approaching strike aircraft is detected, a response delay (currently 90
seconds) must occur before the aircraft can be engaged. Thereafter, the
strike aircraft has a 50 percent chance of surviving each successive 125
second period. Penetrating weapons have a calculated probabilit y of hit which
is different for each weapon-ship combination. This hit probabilit y depends

on ship length and parameters which indicate the accuracy of weapon delivery .
The expected damage to each ship depends on ship hardness (an input variable),
quantity of weapons carried by the strike aircraft (also an input), and the
expected number of hits . EWAR does not model saturation of task force
defenses by large numbers of attackers .

• i
2.3.3 Value Model

EWAR provides several measures that can be used for comparing
different EMCON plans. These measures depend on user-assigned ship values.

The value of each ship represents its contri bution to the overal l task force
mission. The default assignment of ship value Is in proportion to the ship ’ s
tonnage. Three different types of value score used in EWAR are a surveillance
score, an Information score, and a task force survival score.

The surveillance score is computed as the weighted average of
penetration probabilities for three standard threats attacking the task force
using an allocation of aircraft to ships that is proportional to actual
ship value. The surveillance score considers only the opportunity for a

stri ke force to launch wea pons against the task force, not the damage caused
by the weapons.
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The information score is a measure of information denied to the

enemy by a task force EMCON plan. It is computed as a multidimensional geo-

metric comparison of the actual value of each ship and the value resulti ng
from the way the enemy (as modeled) classifies the ship based on task force

radar emissions alone.

The task force survival score Is a measure of the amount of initial
task force va lue  that would survive an enemy attack. It is defi ned on the

outputs of the EWAR strike engagement model . The engagement model determines
the fractional damage to a ship from a given attack. The survival score is
computed by mu l tiplying the value of each ship by the fractional portion of

the ship that survives the attack and then summing the resultant quanti ties
over all ships in the task force. It is a measure of surveillance effective-

ness, but unlike the surveillance score, it depends on the specific aircraft

in the strike force, the quanti ties and accuracies of weapons, and the hard-
ness of task force ships. The survival score can be computed for strikes
in which the enemy is ass umed to have partial or complete information about
the classification of task force ships . When the enemy is modeled as having
partial information, the survival score Is useful in analyzing the tradeoff
between denying information to the enemy and achieving effective surveillance.

2.3.4 Decision Variables, System Variables , and System Parameters

The probl em which EWAR hel ps the EW officer address is the funda-
mental structure of the EMCON plan -- which emitters are to be left on and

which are to be turned off. Therefore, there is no single simple decision

variable, but rather a decision matrix of emitters and ships .

The EWAR system parameters which are outside the purview of the
user are adjusted by the system designers to best approximate the processes
being modeled . These parameters include task force response time, intercep-

• tion efficiency, and radar operator efficiency.

-— 
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Some system variabl es can be changed by the user , but since they
represent static properties of force resources they would not ordinarily
be changed from their default values. Ship hardness belongs in this category.
It represents a physical characteristic of a shi p (rather than a judgmental
quality ) that is u sed to compute ship damage from specified weapon hits . In
the experimental data base currently used for EWAR , ship hardness is derived
from ship value. When EWAR is interfaced with a comprehensive operational
data base, ship hardness will be related to empirical data on ship vulnera-
bil itles. Other static system variables are the variables that describe the
performance characteristics of enemy strike aircraft and weapons.

Various dynamic system variables describe the particular scenario
for EMCON decision making . Such variables as the composition and approach
d irection of an anticipated strike would be routi nely entered and adjusted
by the EWAR user in accordance wi th current intelli gence estimates.

2.3.5 Optimi zation and Analysi s

Wh ile the EWAR aid does not provide for direct optimization of the
on/off assignments in the EMCON plan , it does provide a method for assessing
the tradeoffs between surveillance effectiveness and information given away
across different plans. The EWAR engagement model computes a surveillance
effectiveness score for an EMCON plan across a number of strike threats, and
other portions of the aid compute an information given away value score.
These two scores can be computed and saved for several EMCON plans (using
a common strike threat). In the tradeoff analysis , these pa i rs of scores are
displayed for up to ten plans simultaneously. The display indicates the
relative qual ity of each of the plans according to the weights assigned
to surveillance effectiveness and information given away, ranging from tota l
consideration given to one criterion to total consideration given to the
other. This feature provides the decision maker with a way of comparing plans

• given a judgment about the relative importance of the two ways to rate the
EMCON plan.
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2.3.6 DisDlay Features
The majority of EWAR displays are in a tabular format only, listing

information on sensors , ships, strikes, aircraft, etc. There are also

several graphic displ ays that fall into two cl asses. In the first class
are the displays that are map—oriented , showing the position of the ships

in the task force or indicators of the geographical spread of the radar

surveillance (either individual probability 0f detection contours, areas

of redundant coverage, or combined probability of detection contours). The
second class includes displays in the form of bar or line graphs and includes

the tradeoff analysis line graph and the bar graph showing the portions of

the radar frequency spectrum covered by an EMCON plan.

2.3.7 Roles of Human Judgment and Heuristics

EWAR draws heavily on the expertise of the user in developing and
analyzing candidate E?4CON plans . Although it provides no direct aid in the

initial construction of plans, it presents various types of information that

would be useful in the development of variations to improve a plan. Initial

candidate plans come from operations manual s, knowledge of standard operations,

or a higher command level . When new plans are being developed , there are
several heuristics which may guide the process, notably the treatment of all

emitters of a certain type in a common fashion or the treatment of all
emitters on a certain ship in a common fashion.

EWAR helps the decision maker consider a tentative pl an from a
variety of points of view in order to select appropriate analysis options
and to formulate detailed variations that might improve the plan. Displays
that help the user focus on specific characteristics of EMCON plans include
the combined radar coverage displ ay, the radar frequency range coverage dis—
play, and the tabular display of ships that can be mistaken for a given ship
under a given pl an.

:1
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S ince the a id does not evalua te EMCON pl ans on a s ingl e sca le
but by three separate measurements (surv eill ance effec tiveness , i nformation
given away, and task force value surviving), the judgment of the decision
maker is required to assess the relative importance of each type of rating.
Additionally, the task force may be susceptible to several different types
of enemy strikes and the user must judge the importance of relative effective-
ness of different EMCON plans against the different types of strikes. Such
judgments are facilitated but not obviated by the tradeoff analysis and the
display s of plan charac ter i sti cs.

2.4 SOC
The Strike Outcome Cal culator (SOC ) develo ped by SRI International

(Rowney, Garnero and Bobick , 1977; Garnero, Bobick and Ayers, 1978; Garnero
Rowney and Ketchel l , 1978) aids the operations planner in estimating the con-
sequences of alternate plans for a carrier-based air strike campaign. SOC
requires the planner to formulate a detailed air strike campai gn plan con-

sisting of mi ssi’n definitions , target assignments , and starting and stopping
rules for contingent missions It interfaces the pl an wi th a prestored data
base to create inputs to a campaign simulator based on a deterministic engage-
ment model . The simulator generates campaign outcome predictions in the form
of mission accomplishment statistics and overall day-by-day battle losses.
As part of the course—of-action plan for the campaign simulator , the decision
maker also supplies a comprehensive operation plan to be followed by the
enemy. The SOC can be run either interactively or in a batch mode. It
provides tables that display the course-of-action plan , simulator , output,

and background and scenario data . The basic structure of SOC is illustrated
in Figure 2-4.

2.4.1 Targ~et Problem
The SOC was des igned to ass ist in the evalua tion of opera tions

plans for carrier-based air strike campaigns for anti-air warfare, c lose a ir
support, or war at sea operations. The course-of-action plans, consisting
of mission assignments, strike complement designations , and day-by-day
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starting and stopping rules for conti ngent or interdependent missions , are
formulated by the user. SOC would be principally used du.’ing the early
planning phase of the task force mission, or possibly while the task force
is enroute to the area of conflict. It is assumed that only the overall
objective of the campaign has been specified to the decision maker (e.g.,
to destroy enemy air capability by 75 percent in 20 days or less) and that,
within the constraints of availabl e resources, the planner has considerable
freedom in constructing the coUrse—of-action plans to meet these objectives.

• 2.4.2 Process Model

SOC employs a highly aggregated , deterministic campaign simulator

to generate estimates of the results of a campaign based on a stated course—

of-action plan. The mission simulator permits the representat4on of operations

of Blue (own) force against Red (enemy) and the Red operations against the

Blue task force. The Red force has the capability to launch offensive
operations against the Blue task force as well as defensive operations against

incom ing Blue strikes. The simulator requires, as a result , a course of
action plan to be created by the decision maker for Red at the same level of

detail as that created for Blue. The campaign is simulated on a day-to-day

basis , with each day broken into eight three—hour blocks. Everything that -

occurs wi thin one of these blocks is modeled as occurring at the same time.

As the start Of each day, the simulator examines the course—of-action plans

for Red and Blue and schedules the missions, subject to the availab ility of • 
I

aircraft and launching platform capabilities, for each three—hour block in

the day. During each block, the simulator recovers airborne aircraft waiting

to land , and launches the scheduled Blue strikes against Red. The result
of each stri ke is computed by a three-stage engagement model . The model first
considers the engagement between the incomi ng strike force and interceptor

aircraft, then the engagements between the strike force and ground defenses,
5 and finally between the strike force and the ground targets. Each of these

j engagements is modeled simply by mu l tiplying exchange rate values by the

• sizes of the engaging forces on each side. After all the Blue strikes in
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• the bloc k have been launched , al l the Red strikes against Blue are launched.

At the end of each simulated day, the loss and mission accomplishment sta-

tistics for both sides are recorded. This process is repeated for each day

of the campaign.

2.4.3 Value Model
Unl ike the ASTDA, EWAR , and Route Planner aids, SOC makes no use

of an explicit value model to aggregate or evaluate the results of the simulated
campaign. However, the particular types of results that are presented in the
SOC output tables constitute criteria for judging the value of a campaign. In
particular , the SOC outputs enable the decision maker to observe when and
with what aircraft complement each contingent mission is implemented in the

simulation and how many units of each type are destroyed at each force complex
and on each day of the campaign. Implicit judgments of value are also required

in the establishment of several SOC inputs such as mission priori ties and

target assignments.

- 2.4.4 Decision Variables , System Variabl es, and System Parameters

The decision variables in SOC are the features of the Blue operations
pl an. The plan consists of one or more missions , each of whi ch must be
assigned a priori ty, an origin, a destination, starting and stopping rules

(events on which the start and termination of the mi ss ion are cont ingent) ,
times of launch in each day, and the type and number of units desired for
the mission.

While SOC makes nearly all of its data accessible for the user for
displ ay or modification purposes, there is a distinction between those data
that are intended to be estimated by the user and those that are intended
to be obtained from external sources . The former data types will be con-
sidered input variab les , the latter parczneters.

The SOC i nput variables include the definitions of the el ements
(aircraft, target, and defensive system types), un its (strike complements of
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different aircraft elements), and complexes (major clusters of resources,
such as a carrier task force, airfield , or supply line) for both the Red
and the Blue forces. The Red operations pl an , which is required by the

- 
campaign simulator , is another input variable. It is not a decision variable

- as is the Blue operations plan , because the decision maker obviously has no
- power to decide on the defensive strategy Red will use, even though he must

estimate It in order to obtain outputs. Two final input variables are the

• day-by-day prediction of weather in the operations area and the assignment
• • of distances (either “long ” or “short”) between the Red and Blue compl exes.

Weather is considered to be either “good” or “bad” and constant within each
- single day of the campaign. No es timation of uncerta inty i s represented -for

any of the input variables .

• The SOC output variables are the campaign results produced by the
• . campaign simulator. There are three types of output variables -- mission

• accomplishment results , battle attrition results, and aircraft expenditures.
Mi ss ion accompl ishment resul ts indicate, for each miss ion in both the Red
and Blue operations plans , the actual days on which the mission was begun
and ended and the number of units launched and engaged by the opposing sides

in fulfilling the mission . Battle attrition results list, for each Red and
Blue complex , the number of each type of element los t and the original number
of that type. The loss figures do not include damaged elements although

- damage is represented in the campaign simulation . Aircraft expenditure
reports describe the number of sorties flown by each type of Blue and Red
aircraft and the number lost to air-to-air and air-to—ground engagements for

- 
each day of the campaign. As with the input variables , there is no treat-

• ment of uncertainty in any of the output variables.

SOC parameters reflect the capabilities of various elements or
complexes in the scenario. Some parameters represent weapon platform availa-
bility statistics (normal and surge sortie rates and replenishment/refuel
time required), and repair and launch capabilities of the complexes . The
engagement statistics or exchange rate tables which are used by the campaign
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simulator engagement model constitute another set of parameters. The engage-
ment statistics are framed in terms of losses to defending elements and
attacking units expected from a single engagement. Finally, a number of
campaign duration and strategy parameters, such as maximum number of days in
the battle and length of time for various types of missions , must be set by
the SOC user before the simulator can be run.

2.4.5 Optimization and Analysis

SOC provides no explic it optimiza tion features , but it does con-
tain some capabilities which enhance the comparison of alternative operations
pl ans. The load/store features of SOC allow the user to establish and store
several alternative course—of-action plans , and then reload and simulate
each to compare the campaign results generated by the simulator using each

• different plan. The priority assignment for missions allows different forms
of missions to be compared easily. Each mission must be assigned a priority,
but missions wi th a priority of zero will never be l aunched. The decision
maker can, therefore, enter several alternative specifications for a mission
into the operations plan and sequentially test their impact on the campaign
results by giving the alternative being tested a non-zero priority and all
the others a zero priority.

2.4.6 Display Features

Al though only tabular displays are used in SOC, it can only be
run on certain types of character displ ay terminals. SOC makes available

- - 
to the user all of the input variables , parameters, and outcome variables
through a set of 19 tables. Each of these can be viewed independently by
the user, although when a totally new problem is being entered, the tables
must be called and loaded in their numerical sequence. Update of existing
values or entry of new values in a table is done by positioning a cursor to

‘1 the location of the data in the table and simply entering it, overwriting
whatever (if anything ) was there.
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2.4.7 Roles of Human Judgment and Heuristics

• - 
The judgment of the decision maker is crucial in SOC by virtue

of the absence of optimization , sophisticated analysis features, or an explicit
- val:ue model. While the aid determines the form of a course-of-action plan , It

l eaves the specification of the plan for both Blue and Red to the user, who
- 

must rely on his training and experience. In this sense, SOC is more of a
- .  

tool for assessing the consequences of a camapign plan than an aid for con-

structing one. The evaluation of the overall campaign results produced by
the campaign simulator is also relegated to the judgment of the user, since

- :  no value scale for combining the various outputs is provided by the aid. 
-

- 
~

I H

i
I
ii

2-29 
_

.

~~~~ 4 
[ 

•-  • - •
_
i~~~~~

•
~~ 

— 
~~~~~~~

• 
~~~~~~~~~~~~

-

~
-- -

~~~~~~~~~~ - --i- -,_;~~~~~--
__- 

-
~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~ 

_ _  
. ~~~~~~~



U -~ -— —

• 

- • 

(

__-- ---—- 
-_-- -~~~~~~ _

• 
~~~

.

3. GENERAL ISSUES FOR INTEGRATION - h
k.

3.1 TARGET PROBLEMS
There are a variety of Issues that must be addressed in designing

a system that integrates a set of decision aid-s. The first is the determina-
tion of the range of decision problems for which the system is to be used.
Primary candidate problems for the integrated system are all the problems that
are addressed by the separate component aids. It is also possible that the

integrated system will be able to deal with some variations , extensions, and
combinations of these basic problems by exploiting some of the compl ementary I

characteristics of the component aids. In addition , new probl em applications

may be possibl e by incorporating elaborations on the component software in
* 1

the integrated system. The ultimate choice of the additional decision problems
to be addressed by an integrated system will be dependent largely on the cos t 

-

of dealing with additional problems and on the probable useful ness of the
additional capabilities.

The aids, as currently impl emented, deal wi th the problems of plan—
fling a task force campaign and of emission control policies for that campaign ,

as wel l as the more action-oriented problems of determining an approach route
and a launch time for a single air strike. Through a variety of extensions,
modifications , and different combinations of the four current decision aids,
many additional types of decision problems could be addressed. Some of the
possibilities are:

. The ASTDA engagement model could be used to address aspects
of the strike pl anning problem other than launch time, such
as ideal strike force complement, allocation of attack air-
craft to ground defenses and targets, and consequences of
various mission abort rul es. -

~~
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• . ASTDA and SOC components could be combined to deal with short
sequences of interdependent strike decisions in the same
operational timeframe as ASTDA. One such problem is the
choice of launch times for two strikes on the same day.

• The• Route Planner could be integrated wi th EWAR to hel p the
user determine the relative vulnerability of the task force
to enemy strikes using different approach routes.

• EWAR could be modified for appl ication to the operational
problems of determining which EMCON plan to use in a specific
situation.

• SOC and EWAR could be used together to develop campaign pl ans
that include specifications of contingencies for applying
various EMCON plans .

Although it is possible to use the current, separate versions of
• - the ODA decision aids to attack these new probl ems, such attempts would

probably be frustrated by a variety of limi tations in each aid and •by incom-
• patibilities between the aids.

It is therefore important to define the full range of problems for
which the new integrated system is to offer assistance before the system is
developed . A complete statement of objectives will permit identi fication of
possible undesirable gaps in system applications. It would al so permit the
consideration of marginal cost-benefi t issues concerning the development
costs required to enable the system to deal wi th new problems.

3.2 °ROCESS MODELS

A second integration issue relates to the nature of the processes
described by the aids and the way in which those processes are model ed. Three
of the four decision aids being considered -— SOC, EWAR, and ASIDA -- incorporate
some type of mathematical model of the air strike engagement. The engagement
model s, however, are all distinctly different from one another. Al though all

the models ostensibly represent the same type of air strike scenario and

although they employ comparable level s of detail for input and output variables ,
the processes are described in different ways with different variabl es in each
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aid. These differences are partly the result of differences in orientation
among the decision aids and partly the result of differences in the aid
developers ’ concepts of the engagement process. The particular forms of
the engagement models were generally secondary considerations in decision
aid development with all the aid developers. Their primary objectives were

to demonstrate the value of particular decision aiding techniques and the
value of particular kinds of information in particular kinds of problems.
We do not want these statements to be construed as casting bl ame or finding
fault with any individual ’s or organization ’s work. We are simply stating
that the development efforts were not oriented toward the development of the
ultimate engagement model. Process models were needed so that the desired
output data could be generated from the available input data for each of
the aids, but it was not considered necessary to develop the best possible
models for the exploratory study of the aiding techniques. Fairly crude
process models were felt to be capable of generating sufficiently reasonable
outputs for the initial evaluations of decision aid concepts. Operationally
acceptable models requiring substantial development costs were justifiable
only when it was clear that the resulting aid would be acceptable to the user
population and enjoy extensive use.

All three of the engagement model s describe attrition of force
elements as a function of the numbers of all types of elements involved in
the engagement. The ASTDA model represents a carrier-launched air strike

against a defended ground target. It is the most elaborate of the three
models because it attempts to describe the complete distri bution of possibl e
results associated wi th specific engagement conditions. The other two
models describe only the average results that should be expected for any
engagement. The EWAR model is concerned only with air strikes against a
naval task force in the open sea, while the SOC model represents air strikes

aga Inst both land and sea targets. The three models use different parameters
from one another to describe the capabilities of force elements to infl ict
damage on enemy force elements and resources. The ASTDA model distinguishes
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only  between survival and loss of force elements while the SOC and EWAR

models distinguish degrees of damage to force elements.

Al though it would be desirable for an engagement model to use only

observable, quantifiable data for inputs and model parameters, the engagement
models in ASTDA, EWAR and SOC all require a variety of subjective estimates
of the fighti ng capabilities of aircraft and ground defense elements. Some—
what different engagement capability estimates are required by the three
models. ASTDA asks the user to estimate the probability that each adversary
will survive in a specified one-on-one engagement. SOC asks the user to
estimate the probability that each aircraft of one adversary will survive in
an engagement with a standard grouping of the other adversary ’s aircraft.
EWA R asks the user to estimate the capability of each task force vessel to
survive enemy ordnance, i.e., the “hardness” of the ship.

One way to resolve the differences between the engagement models in
the integrated aid is• to devel op a single engagement model that sati sfies
the requirements of all the decision aids. Such a model could be developed
from the three existing model s and could be designed to incorporate the
important features of each model . Some of the necessary features of such a
combined model would be that it would:

• Describe damage to force elements as well as survivals and
losses.

• Be sensi tive to weather conditions.

• Be exercised in  either a stochastic mode to predict the com-
plete di stribution of engagement results or in a deterministic
mode to predict average expected results.

• Be sensitive to the times when information about opposingj force locations and motions were available to each adversary.

4 • Structure the engagement process in terms of sequential segments
representing approach of strike force to target, engagement
between strike force and interceptor force, engagement between
strike force and ground defenses and targets, and return of
str ike force to base of origin.

• Represent strikes against both land and sea forces.
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Al though the Route Planner does not currently incorporate any engage-

ment model , it is noteworthy that the combined model descri bed above could be
advantageously used In conjunction with the Route Planner. Basically , a
deterministic engagement model together with a value function for engagement
results could be used in place of the utility function currently used in the
Route Planner. The current Route Planner evaluates a candidate route according
to the fuel consumed In traversing it and the probability that a strike force
that flies the route will be detected by the enemy. The route planning function
in the Integrated aid , on the other hand, would evaluate  candidate routes in

• 

—

~
• terms of the expected results of engagements initiated by those routes. In

the former case, the impact on mission achievement of fuel consumption and

- 
detection by the enemy would be estimated by a speculative value model , while
-in the latter case the impact of the same variables would be estimated at least
partly by a model of the implemented mission.

‘ As in the development of the individual decision aids, the particular
form of the-~engagement model in the integrated aid will be a relatively minor
concern duri ng In itial aid development. The principal role of the engagement
model will be to de~fine the specific variables that are to be functionally
related by the model ., A plausible model will be required to enable demonstra-
tions and experiments to be performed to provide data and judgments for the
guidance of further aid devel opment, but it will not be necessary for the model
to be val idated against empirical criteria until a later stage of development.
Only when the data requirements of the integrated decision aid are firmly

established will it be appropriate to~devote an intensive effort to the
development of the engagement model . As the integrated aid is developed , we
should expect some fluctuations in the demands -made on the engagement mode l,
both in terms of the specific variables to be interrelated and in the l evel s of
detail with which they are treated. But at all stages of develo pment, some
engagement model will be required to permit diagnostic exér~cising of the system.

3.3 VALUE MODELS ~~~~

A value model is, in general , a mechan ism for quantifying an
individual ’s satisfaction or pleasu:: in encountering a particular
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situation. For the coninand and control decisions of a naval task force, how-

ever , it is not so much the individ ual decision maker as the higher authorities

who established the objectives for the task force who must be satisfied . Thus,
in the present context , a value model constitutes a tool for measuring the
extent to which a situation represents achievement of a set of objectives or
the extent to which the situation facilitates the achievement of those objec-
tives. ASTDA and EWAR employ value model s to estimate how well the results of
strike missions satisfy task force objectives. The Route Planner uses a value
model to measure the degree to whi ch a strike route fac ili tates an effec tive
stri ke mission .

In all of these cases, values are measures of movements toward or
away from ultimate goals. But it is usually difficult to judge the impact of
imediate events on long-term goals , so short-term goals associated with the
ininediate situation are identified and used as surrogates for the long-term
goals. Rather than to attempt to weigh the possibl e results of an a ir str ike
in terms of a detailed analysis of the relationship of those results to task
force objectives, It is much more expedient and reliabl e to use a simple value
function based on the force attrition to both adversaries i nvolved in the strike
engagement. It is even more expedient to assign values to the initial condi-
tions of a stri ke engagement and thereby avoid the complexity of an engagement
model , as is done in the Route Planner . However, the further removed the value
model Is from the variables that describe the ultimate mission objective, the
more di fficult It is to ensure that the val ue model is completely consistent
with those objectives.

These two observations about value model s, that values measure achieve-
ment of objectives and that value functions are often defined on intermediate,

surrogate objectives rather than on long-term objectives, are important considera-
tions when consolidati ng component value models . In an Integrated aid , all
valuations should relate to the same long-term objectives. Value assignments
to short-term objectives should be made consistently and with reference to
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• the long—term objectives. Values assigned to different short-term objectives
should reflect the relative contributi on of the surrogate objectives to the

long-term goals. Consequently, an integrated aid should use a single scale
of value measurement. The three value model s from EWAR , ASTDA , and the Route
Planner can be consolidated fairly easily since they all deal with the same
surrogate parameter -- force attrition in a single air strike. (The Route
Planner can define values in terms of strike mi ssion resul ts in the manner
described In Section 3.2 by using an engagement model.) However, a va lue model
for long—term task force missions that is consistent with both the true long-

term objectives and the short-term value model is more problematical . A
simple force unit attrition function may not be an adequate way to represent
long-term task force goals. For example , the objective of the task force may
be to neutralize an air strike campaign waged by one third world nation against
another, but wi th the stipulation that minimal damage is to be inflicted by
the task force in order to avoid aggrevating a sensitive political situation.
An appropri ate value model for this objective would discriminate factors other
than massive destruction that would lead to the termination of the air strike
campaign . It would al so deal in a compl ex way with enemy force attrition.
Such a value model of l ong-term goals would in turn ra i se doubts about the
val idity of a value model for short-term goals that dealt only with force
attrition data in single strike engagements.

Thi s diff icul ty i s not pecul iar to task force campa ign p lanning . In
fact, it is generally the rule rather than the exception that human decision
makers are ambiguous about how they move toward global goals when making deci-
sions in contextually restricted situations. As March (1978) points out , it
is often quite Intelligent to behave in this way. It is often unclear to the
decision maker how the outcome of the present decision situation will contribute
to the achievement of global objectives, particularl y when many subsequent
decisions and uncertain events lie between the imediate outcome and the global
objective. Furthermore, the contextual boundaries of the “local” decision
often Impose a restricted rationality on the situation that prevents the deci-
sion at hand from being maximized on the global and local value functions 

• i~ ±~~ •
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s imul taneous ly. The hypothetical limited warfare situation posed in the
above paragraph i s repre~,entative of this type of conflict between the bounded
rationality of a limited decision situation (i.e., how to neutralize the
aggressor nat ion ’s air campaign), which dictates maximizing the damage

inflicted as the surest way to achieve the local goal , and the global objec-
tive (i.e., defusing a tense political situation) which dictates an opposite
decision criterion of minimizing the damage. Even disregarding March’s
concern with the transience of preferences and its role in exacerba ting
decision makers ’ tendency toward global value function ambi gu i ty (since in
military situations , preferences can be considered to be externally imposed
by higher coni~ nd levels), the rationality of being ambiguous about global -

tastes is a majQr probl em to be deal t with in constructing a value model for
an integra~ted~aid.

One possibl e way to solve this problem has been suggested by Pear l
• (1977). He argued that value model s for short-term goals should be defined

in terms - of conditional probabilities for the achievement of the l ong-term
goal. That is , the value of any possibl e imediate situation should be
defined as the conditional probability that the long-term goal will eventually
be achieved given that the possible situation actually occurs. With a com-
prehens ive simul ator of the campaign process , e.g., SOC , it is conceivabl e
that sensitivities of long-term objectives to the results of single strike
engagements could be systematically analyzed . A key component that is miss-
ing for this approach is a value model for the overall campaign objectives.
It may be the difficulty of the task of developing such a model that accounts
for the fact that the SOC is the only aid of the four considered here that
does not incorporate a value model . Al though it may seem plausible that the 

-

outcome of a single stri ke engagement could be accurately valued in terms of
a linear additive function of constituent force attrition , it is much more
difficult to accept that the final result of an extended task force campaign
might be evaluated as a weighted sum of accumulated force losses or survivals.
The objectives of task force campaigns cannot necessarily be defined in terms
of an ideal l evel of destruction to be inflicted on the enemy and a maximum
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permissilbe level of damage to be incurred by the task force. Other factors,
such as preventing the enemy forces from i ndulg ing in other acti v iti es at
specific times, may be major considerations in task force objectives. Con-
sidering the difficulty of quantifying l ong-term task force objectives, it is
appropriate to expect descriptions of force attrition and combat events to
be the primary outputs of a campaign pl anning aid and an aggregated value
model to be an optional , secondary output.

3.4 DECISION VARIABLES , SYSTEM VARIABLES , AND SYSTEM PARAMETERS

- The particular variables to be treated as decision variables in an
integrated system are dependent upon target problems to be dealt with by the
integrated aid. Ideally, the system should be designed in such a way that
virtually any variable may be treated as a decision variable and subjected
to the analyses and optimizations warranted by its role in the analysis.
Suc h a des ign would enable new model features for the trea tment of new
target probl ems to be easily accommodated and would ensure that the aid
could be applied to the maximum number of different problems .

In an integrated system, the distinction between the terms “system
var i ab les ” and “system parameters ” as used in the discussion of decision aids
i n Section 2 would be less cl ear. System var i ab les referred to var iab les to
which the aid user had fairly free access; system parameters referred to the
less access ibl e var iab les . In the integrated system, all var i abl es i nvo l ved
in the component process and value model s wi ll be access ibl .e to the user ,

‘ i.e., will be system variables . A data structure that would support this
flexibility is described in Section 5. In this structure, data would be
segregated on the basis of permanence. A background data base would contain
information , l ike the performance characteristics of weapons and sensor plat-
forms, that could be expected to remain constant over the course of a campaign.
A scenar io data base wou ld conta in trans i story information, like force loca-
tions and movements, that must be supplied at the time of any specific

- 
..

~~ decision. The user will be able to rev iew and update all i nformation in both -

data bases , but according to somewhat different procedures .
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A number of new variables , not currently treated by any of the four
separate dec i s ion aids , would have to be incorporated in the integrated
system. For the sake of expedience in devel oping the demonstration systems,
some potentially rel evant variables were excluded from the component process
and value models. However, as the systems move toward an operational con-
figuration, it is important that all relevant variables be appropriately

treated. For example, the ingress altitude of the strike force (which is not
treated by the Route Planner) probably has as much impact on fuel consumption
and probability of detection (and the consequent effectiveness of the strike
mission) as does the flight speed of the strike force (which is treated by
the Route Planner) for most air strike situations. In ASTDA , the probable
duration of an air-to-air engagement should be considered and the planned

or expected motions of sensor platforms should be considered in both route
plannin g and in EMCON planning . Some of the variables of the separate aids
must also be consolidated in order to avoid burdening the decision maker with
redundant requests for data. Examples are the disparate parameters for
fighting capability of force elements in 44S7DA , EWAR , and SOC.

A particularly important issue to be considered concerns the treat-
ment of uncertainty associated wi th data estimates for the different variables
to be used in the integrated system. Most of the variables involved in the
process models and value models of the separate aids refer to information for
which precise objective measurement is infeasible. Variables like fighting
capabilities , future weather conditions, future force readi ness , and even
current force l ocations have highly variable degrees of uncertainty . The
different aids currently have different strategies for deal ing with the

— 

uncertainty in their variables . SOC and EWAR assume that all uncertain
variables take on their expected values. Consequently, all modeled processes
can be treated as deterministic. The Route Planner assumes that the
enemy sensor l ocations are known but treats the output variables representi ng
detection of the strike force by the enemy as probabilistic. ASTDA offers

the most comprehensive treatment of uncertainty of the candidate aids by

treating weather conditions as probabilistic and by describing both input

3—10
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force readiness and output force attrition in terms of statistical distribu-
tions. These differing representations of uncertainty derive from a variety
of considerations ranging from expediency to general decision aiding
philosophy .

Some of the ma~cr arguments against the explici t treatment of
uncertainty in decision aids are:

• Parameters that quantify uncertainty are difficult to estimate
and cannot be estimated reliably.

• Inclusion of uncertainty parameters generates an unmanageabl e
quantity of information to be considered by the user of the
decision aid.

• Predictions of average outputs based on average inputs are
just as accurate as uncertainty incorporating predictions
in most cases .

• It is virtually impossible to describe accurately the inter-
relations between the uncerta inties assoc iated with rel ated
variables.

• In order for any moderately complex model to relate input
uncertainties to output uncerta inties , it must be used in
Monte Carlo fashion which tends to be costly in terms of
computer time and storage requirements.

• Expressions of uncertainty associated w i th predictions are
di ff icul t to interpret and tend to obscure any trends that are
present in the average predictions.

On the other hand , some of the major arguments i n favor of the
inclusion of some uncertainty measures in decision aiding systems are:

• If ranges of uncertainty do not accompany aid predictions , then
it will be difficult to judge the correspondence between
observed results and predicted results which i s an important
fac tor in determining the user ’s confidence in the aid.

• Uncertainties around average predictions are important for
many decision makers since they enable consideration of the
full range of likely results and the development of subsequent
contingency plans (e.g., rescue operations).
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• Uncertainty of results is demonstrably an important considera—
tion for most decision makers who exhibit various degress of
risk aversion.

• Uncertainty in input conditions can be an important deter-
minant of average outputs in some significant situations.
(For example, Craig , 1975, in a systematic study of deter—
min isti c and stOchastic engagement model s, concluded that
input uncertainties significantly influence outputs when
adversary forces are smal l or near parity.)

• People can learn to estimate probabilities reliably in many
situations and may well be able , with appropriate training ,
to provide accurate estimates of probabilistic data i nvolved
in a task force campaign.

• Awkward assumptions and interpretat ions are frequently required
to deal with deterministic analogs of genuinely stochastic
processes .

A previous study in the ODA program has addressed the issue of

r - 
whether or not information about outcome uncertainty is useful to a decision
maker (Gettys, Moy, and O’Bar, 1976), but several problems in their experi-
mental design prevented any firm conclus ions from -be ing drawn . In particular ,

it was not clear whether the uncertainty incorporated in the decision aids
studied was effectively displayed . At the same time, it was clear that
neither of the aids used in the study responded appropriately to the event
of chief concern, a change in enemy intentions. At least one experimental

study (Laios, 1978) has demonstrated that the displ ay of uncertainty informa-

tion can enhance decision making performance, but that study was concerned
wi th an industrial schedul ing problem that is rather remote from the task
force coinnand and control environment.

For lack of compelling evidence on either side of the uncertainty
issue, it seems reasonabl e to take a compromise position and design an inte—
grated system in which uncertainty is a user-controlled option. If the user

chooses not to deal with uncertainty he can estimate all inputs at their

average expected values and force the application of a deterministic version
of any relevant process model in order to generate outputs. If he does opt
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for the modeling of uncertainty, he can provide probabilities and statistical

distribut ions for appropriate input data and then examine the results of a

• Monte Carlo simu l ation of the stochastic version of the relevant process
model . Some effort would be required to ensure that the stochastic and
deterministic form of all process models were really comparable. By enabling
people to address a variety of task force decision problems, both with and
without consideration of uncertainty , it may be possible to determine the
conditions, if any, under which it is advantageous to deal explicitly with
uncertainty.

3.5 OPTIMIZATION AND ANALYSIS

The only automatic optimization functions in the aids to be inte-
grated are the dynamic programing and the nonlinear programming algorithms
provided with the Route Planner. Both of these procedures constitute system-
atic searches for optimum values of nonlinear functions of several variables .
For the particular type of optimization problem addressed by the Route Planner ,
it is evident that the semi-automatic algorithm of nonlinear programming is
more suitable than the completely automatic algorithm of dynamic programming .
However , both optimizing routines are potentially applicable to many of the
problems that could be addressed by an integrated aid. For example, problems
l ike optimizing the configuration of a strike force or the plan for emissions
control are formally similar to the route planning problem . It is not yet
cl ear from the ongoing experimentation with the Route Planner , however , whether
or not any type of automatic optimization can significantly improve on the
manual optimization alternative. If automatic optimization is called for,
further research is required to determine the most effective ways to guide
the human in his use of an optimizing algorithm . The nonlinear program-
ming procedure in the Route Planner is capable only of finding a local
optimum on a complex surface, so the ingenuity of the user is important
in locating a global optimum . The user must learn to structure optimi zation
problems in ways that will ensure that useful resul ts will be produced
within the available time. Convergence of both optimizing algorithms in the
Route Planner can be fairly slow even with the relatively simple criterion
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function used in that system, so serious response time problems can be expected
to arise for more complica ted criterion functions. By restricting the range

and granularity of the search, the user can exercise considerabl e control over
the time consumed by the search. Accordingly, it is desirable to offer assist-
ance to the user in constructing a search that will be appropriately responsive
to his needs. The system might , for example , estimate the time that will be
required for a specified search and how that time requirement would be changed

• by alterations to the criterion function , convergence criterion , searc h limits ,
and search granular ity.

The sensitivity analysis capability provided in ASTDA is also appro-
priate to a variety of applications in the integrated system. For variables
over which the user has some control , the sensitivity analysis can be used to
conduct a l imited search for an optimal value of one variabl e at a time. In
this vein, the sensitivity analysis mi ght also be useful in determining appro-
priate l imits to be used for a variable in a more comprehensive automated

search for optimal levels of several related variables. In cases of variables
for wh ich the user ’s estimates are highly uncertain , the sensitivity analysis
could be applied to determine the usefulness of initiating courses-of-action
to reduce the uncertainty (e.g., through detailed simulation exercises or
reconnaissance missions). By enabling the user to examine the covariation of
any pair of input and output variables in a process model , the sensitivity
analysis can al so aid the user in understanding the behavior of the process
model .

Additional analysis capabilities that could be useful for the inte-
grated aid could be developed from standard statistical testing and model ing
techniques. The user could be provided with procedures like the t-test and
the F-test for comparisons of data involving statistical uncertainty . The
technique of linear regression could help the user to analyze trends in noisy
data. These and other statistical analysis tools would be especially important
when process models were exercised in a stochastic mode, but some , li ke
l inear  regression, could be useful even if uncertainty of input and output data

• 
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was not treated explicitly. Al though no statistical analysis functions are

provided In any of the aids currently under consideration , it would not be

difficult to add this capability in an integrated system.

Another analysis technique that has not been exploited by the current

ODA decision aids but which could be quite useful in an integrated system is

war-gaming. Some aids, like ASTDA and EWAR , attribute fairly simple deterministic

strategies to the enemy, an approach that could generate sub-optimal decisions

In cases where the enemy has very carefully optimized his own strategy. Al though
the decision maker will generally be uncertain about the strategy employed by
the enemy, it is inappropriate to base a decision analysis solely on the simplest
or most obvious enemy plan. By representing the strategies of both adversaries
in equal detail and by enabl ing the decision maker to analyze the enemy’s deci-

s ions as wel l as his own, a decision aid could be developed that would plan I

optimal responses to the enemy’s actions. By treating the adversary pl ans

syninetrically, such an aid could be used to play out a scenario as a war-game

and thus ensure thorough consideration of enemy options.

3.6 DISPLAY FEATURES

A diverse collection of displ ay techniques are represented by each of
the decision aids, including tables , graphs , and maps. Al though all of these
display types are appropriate for some applicati ons in the integrated system, it
is important to avoid confusing the user wi th arbitrary variations in displ ay
format. Standard display formats should be adopted for the new aiding system
to ensure that the displays will be easily interpretable. The maps generated by
EWAR and the Route Planner to di splay force locations and sensor detection rates
should use similar coding and label ing techniques. Standard tabular and graphic
formats should be established to deal with the types and quantities of available
information. Display features that depend on idiosyncratic hardware capabilities
should be avoided until It is clear that the relevant hardware will be availabl e
In the task force.
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It is important to recognize that both the kind of information and
the manner in which it is displayed are critical issues for interactive decision-
aiding systems. For example , in the case of the Route Planner ( in the nonl inear
programming optimization mode), the time required to discover a globally optimal
path is dependent on the user ’s ability to provide a good initial guess for the

• path. Thi s is, in turn , strongly infl uenced by the effectiveness with which the
information is displayed to the user. Accordingly, it would be worthwhile to
investigate how al ternate displ ays of information might impact man-machine
system performance . For example, it might be more effective to displ ay regions
with simi lar detection rates through gray level or color intensity coding ,
rather than with contours . This al ternative would require less compl icated soft-
ware and would generate displays more rapidly on some types of graphic display

systems. Or it might be advantageous to transform detection rates into detec-
• tion probabilities before displaying them. This can be accomplished simply by

exponentiating each detection rate and subtracting it from unity , thus generating
the probability of detection in a unit time interval . This derived value might

be more meaningful to the user than the basic detection rate because it has a
more direct impact on the course of the strike engagement as well as on the par-
ticular utility function currently employed.

Effective use of graphic disp lays is especially important in decision
aiding because of the human ’ s unique ability to process visually presented
spatial information . In most cases, people can interpret and remember spatially
coded information much better than equivalent verbal and numeric data. For some
spatially oriented tasks, like the choice of an Initial path for the Route
Planner , it is apparent that humans are much more efficient than any available 3
computer program. While it is necessary to use alphanumeric data representations
for functions, such as entering and updating values, It is desirabl e to supple—
ment alphanumeric displays with suitable graphic displays of the same data
whenever possible. This display strategy was used in ASTDA ’s parallel graphic

- 
•
‘ and tabular dIsplays of the major input and output data . Suppl ementary graphic

displays might also be usefully adopted for some of the campaign planning func-
tions addressed by the SOC. At the same time, readability of the SOC tabular

‘
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displays might be improved by structuring the displayed information somewhat
differently so that much less information would be presented in each displ ay
but more display options would be offered.

3.7 ROLES OF HUMAN JUDGMENT AND HEURISTICS 
-

Human judgment and heuristic procedures are critical factors in any
decision aiding system. The decision aid itsel f represents the collected
judgments of the people who devel oped the system. In the case of value model s
especially, the model represents an heuristic shortcut for estimating how immediate
outcomes relate to remote goals. In developing an integrated decision aiding
system, however , the most critical issue regarding human judgment concerns the
manner in which the system interacts wi th the judgment of the user. Some
information processing functions are totally automated , whereas others are

F relegated to the user, with assistance from the system, and still others are
left completely to the user. Ideal ly, thi s kind of division of labor results
in an optimal al location of responsibilities to the human and the machine with
regard to their relative capabilities.

For each of the separate aids involved in the integration effort, it
is the responsibility of the decision maker to recognize the relevance of an aid
to any particular problem situation. This may seem to be a trivial task, s ince
a route plann ing problem calls for the Route Planner , a strike timing problem
calls for ASTDA , and so on. However, the matching of an aid to a probl em could
be quite difficult in some cases. As each of the aids are currently configured ,

they incorporate strong assumptions about what factors are involved in ostensibly
generic decision problems. For example, in ASTDA , the consequences of a stri ke
launch time are dependent upon the time variation of weather conditions and force
readiness characteri stics of each adversary . If the decision maker has the pro-
blem of choosing a time to launch an air stri ke but recognizes additional time
varying factors of concern , such as offensive enemy actions that might occur

• prior to the strike, then he might be unsure about the advisability of using
ASTDA for his probl em. Similar dilemmas could arise with any of the other aids
whenever there are factors Involved In the decision that do not seem to fit the
assumptions of the aid.
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Even when the applicabilit y of an aid to a problem has been determined ,

the current aids offer li ttle flexibility in structuring the representation of
the problem. Generally, values for input variables and parameters must be com-
pletely specified by the user before any aid outputs can be obtained. In using
the SOC , for example , the user must supply all data required by 14 input tables
after which he can instruct the aid to simulate the campaign described by that

data and then he can examine the campaign results displ ayed in five output
tabl es. The user cannot determine the level of detail for the description of
the probl em or of the campaign results. The SOC must be used in the same way
at all times, no matter whether the user i s undertak ing the initi al formulation
of a complete campaign plan or the analysis of a single option in an established
plan. The SOC. the Route Planner, ASTDA , and EWAR all offer highly refined
structures into which the user must fit his problem if he is to use the aid
at all. I

More flexible approaches to decision aiding are possible and should
be considered when designing an integrated system. For example, an a iding ‘ 1
system could hel p the user to structure his decision problem through an inter-

active process which would select and configure appropriate models as they were
identified . The Decision Structuring A id being developed by SRI International
(Merkhofer, et. al., 1977) addresses the general problem of decision structuring .
It consists of a system for developing and analyzing a decision tree repre-

senting sequential (or otherwise conti ngent) decisions and events. It requires
the user to assign values subjectively to the terminal nodes of the decision
tree as defined by all possible combinations of relevant variables and options
for both adversar ies. However , the charac ter i zation of these terminal
conditions can be complicated and because there can be a large number of such

terminal nodes, the valuation task can be very difficult and the results
unrel iable. In order to utilize the capabilities provided by the four problem-
specific aids, it is desirable to have a decision structuring tool that would
help the user develop a suitably detailed problem scenario to which the available

models could be applied. At the same time , it is important to develop more

3-18 

- 
~~~~~~~ .

• 
• - -

-
- ~~~~~~ ~~~~~~~ ~~~



_ _ _  
- 

~~ ~~~~~~~~~~~~~~ 
- -

~~~~~~~~~~~~~ i~~
:-

~~~~~~~~~::~~ - .  
~~~~~~~~

-

I i

flexibl e versions of the component process and value model s in order to

enabl e the user to define factors of interest and l evel s of detail with

which to treat them.
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4. SPECIFIC INTEGRATION PLANS

There are two general strategies that could be followed to develop

an integrated decision aiding system for the task force command. One

approach is to interface the separate decision aids into a system in which

the separate aids work smoothly together, resul ting in a system that i s
(hopefully) more useful for a broader class of probl ems than the separate

aids. We will call this approach a bottom-up design. The alternative, a

top-down approach, starts with a definition of global system objectives and

then elaborates on those objectives until a set of detailed system specifica-
tions are obtained . The bottom-up approach ensures that the available tech-

nologies are provided to the dec i s ion maker in an effic ient package; the
top-down approach ensures that the basic needs of the decision maker are

addressed. The two approaches are not necessarily mutually exclusive and

parallel development of both may wel l be worthwhile.

4.1 THE BOTTOM-UP APPROACH
There are a number of ways in which the separate aids could be

merged into a single system in which the individual i nconsistencies and
i ncompatabilities are resolved and the duplications of function consolidated .
A key consideration is the level of effort that could be devoted to the task.

Accord ingly, we will describe a basic integrated system and , w i th respec t
to each part of the system, a number of optional features that deserve
serious consideration.

In addition to solving the interface probl ems, certain new a id
features should be developed as part of this effort to improve the operational
usefulness of the integrated system. This need arises from the fact that the
aids discussed above have been designed more for experimental and demonstration
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purposes than for operational use. The principal deficiencies that must
be remedied to improve their operat4ona l usefulness concern the spec ifi c
variabl es incorporated in the component process and value models.

Only the first stage of a bottom-up integration will be described .
It is our bel ief that initial development of the integrated aid should focus
on the decis ion probl ems associa ted w i th plann ing a s ingle a ir strike and
that subsequent development should expand the system to address broader
campaign planning problems. For this first stage of development , then, the
components to be integrated will be ASIDA and the Route Planner. Many
features of the first stage plan , however , are intended to facilitate later
incor poration of EWAR and SOC functions. To fac ilitate reference to the
proposed system, we will call it SCAMP-l as the first stage version of

• . the Strike Campaign Planning Decision Aid. The general str~�ture p~ SCAMP-i
is diagramed in Figure 4—1 .

4.1.1 Target Problems
SCAMP—l is designed to aid the user in pl anning all major aspects

of a s ingle a ir str i ke against a ground or sea target. Suc h factors as
approac h route, l aunch time, strike force complement and alloca tion of strike
aircraft to targets , w ill be addressed by the aid . The user wil l be abl e
to analyze tactical variables for either the offensive or defensive adversary
in order to test hi s pl ans against optimal enemy plans. Attacks agai nst
naval forces in the open sea will be treated in addition to attacks against
land-based installations , in order to expand the ASTDA ’s domain of applica-
bility and to anticipate a system that will be compatible with EWAR and SOC.
The aid is being designed to be used pri ncipally in the timeframe of from
one hour to one day before the strike is actually to be launched . However,
much of the data required by the aid could be supplied well before the strike
dec i s ion was ana lyzed . In fact , the a id could be used on a continuing bas i s
to keep track of the user ’s and the enemy ’ s resources and force locat ions.
The a id w ill be conf igured for mul tip le termi nal acces s so that data can be
suppl ied continuously by subordinate officers under the supervision of the
principa l decision maker . 
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• FLIGHT SPEEDS AND ALTITUDES S MEASURE OF PROBABLE DETECTION TIME
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• SENSOR LOCATIONS AND MOTIONS • COMPOSITE DETECTION PROBABILITY MAP
• WEATHER PREDICTIONS S FORCE UNIT ATTRITION AS LOSSES
• FORCE READINESS PREDICTIONS AND PARTIAL DAMAGE
• ENGAGEMENT CAPABILITY PARAMETERS • SENSITIVITY DISPLAYS
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ENGAGEMENT VALUE
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4.1.2 Process Model s -

The model of the strike engagement for SCAMP-i will be an adapta-
tion of the ASTDA engagement model. The model w ill be stochas tic so that the
uncertainty inherent in the engagement process will be included , but it
will also be possibl e to exercise the model in a deterministic fashion by
having all stochastic processes take on their expected values . Some signifi cant
mod ifications to the ASTDA model will be required in order to make the engage-
ment sensitive to the features of the approach path provided by the route
planning functions. The model will describe how the size of the defending
interceptor force and the duration of the air-to-air engagement between the
strike force and the interceptor force are infl uenced by the point at which
the approaching strike force is detected by enemy radar. Fuel consumption by
both the strike force and the intercep tor force w ill also be factored into the
engagement model to represent the relationship between fuel , fighti ng capa-
bility , and aircraft survival . Estimates of damage to adversary force ele-
ments will be output by the model in addition to the binary survival/destruc-
tion outpu ts currently provided by ASTDA. Damage estimates are needed to ‘ 

-

descr ibe the resul ts of air strik es aga inst sh ip s and , when the aid i s
ex panded to incorporate the longer range plann ing functions of SOC , to des-
cribe how force readiness is affected by repair of damaged systems.

In add iti on to a more deta i led strike engagement model , a model i s
needed that will describe the detection of the approaching strike force by
enemy radar stations. The radar detection model in the Route Planner will
form the basis for this model . In addition to bei ng sensitive to the
characteristics of the radar system and the distance between the radar and
the target, the model must be sensitive to the interrelationships between
the probability of detection and the numbers of targets, their sizes and
altitudes , and the weather conditions in the area. In addition, it will have

to model the fact that both fuel consumption rate and radar detection rate
are strongly influenced by the altitude at which the strike force flies. 
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4.1.3 Value Model s
Two separate value model s will be i ncor porated in SCAMP-i in order

to enabl e candidate approach routes to be evaluated without requiring the
engagement model to be run. One value model will be concerned with the
valuation of engagement results and the other will deal with the approach
path by itself. A linear additive model based on force unit destruction,

much like the value model in ASTDA , will be used for the former purpose.

However, unl ike the ASTDA value model , it will assign values to fractional
destruction of force units rather than to pure survival or loss. For the
valuation of the approach route, the value model will use the same types of
parameters as in the Route Planner but with considerable added flexibility
for the functional form of the model . The two input components of the value
function for the approach route will be:

(1) Probabil ity that the strike force will be detected weighted
by the time prior to reaching the target at whi ch each possible
detection point is passed, and

(2) Amount of fuel consumed during ingress.

The first component can be defined mathematically in terms of the path seg-

ment detection probabilities , where the path segments are defined either by
the waypoints identified by the user (or route optimizer) or as more finely

divided equally spaced segments. If there are n path segments and 
~k 

is the

probability of detection for the kth segment and t is the time it will take

• to move from the middl e of the k segement to the target , then the f i r s t

component input to the value function is

• k=l 
Pktk.

The above formula will replace the cumulative detection probability used

4 in the current Route Planner to index route value. It is an improvement on

the current equations because the cumulative detection probability neglects
the fact that it is not just whether detection occurs , but when the detect ion
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occurs that influences mission effectiveness. The parti cular function that

will be used to combine the two value components will be determined through
a systematic analysis of the rel ationship between these components and the
value assigned to subsequent engagement results rather then by an arbitrary
combination rule. Such an analysis should be repeated every time that engage-
ment conditions change significantly because the influence of fuel and detec-
tion on engagement value probably depends on the sizes and relative capa-
bilities of the adversary forces.

4.1.4 Decision Variables , System Variables , and System Parameters
There will be only minimal restrictions on the roles of the variables

in the process model s in SCAMP—l . The user will be provided access to all
variables of conceivable interest to him. In addition to the variables -•

• 
- incl uded in tht~ Route Planner and ASTDA , SCAMP-l will deal wi th:

• Flight altitude of the strike force on ingress,

• Effective sizes of strike aircraft to enemy radar,

• Movement of enemy radar stations (as constant velocity
vectors) , and

• The effects of damage on the capabilities of force units.

Force readiness variables will be described in terms of probability

distributions over possible numbers of force units , as in ASTDA . The user

will have the option to let each individual variable take on its expected
value. Several types of passive target will be represented to distinguish

destruction probabilities and values to the strike force. Weather variables
will be represented somewhat differently than in ASTDA to eliminate situations
in which the binary representation of weather as either good or bad produces

unreal istically large levels of uncertainty in the output distributions. In
SCAMP-i , weather will be treated as a continuous variable corresponding to

v i s ibil i ty range and uncerta inty about weather as a probabi lity di stribution
over visibility range. Engagement capability parameters will continue to be 

.~~~~~~ 
• 
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defined with respect to “good ” and “bad” wea ther conditi ons and linear
interpolation will be used to generate parameter values for intermediate

weather states.

There are several optional capabilities that should be considered
if time and cost constraints permit. One possibility is to include the

uncertainty in enemy radar station locations. Rather than describe station
location as a lati tude and longitude, these variables could be described
by probability distributions that quanti fy the estimater ’s uncerta inty.
The primary problem in incorporating the uncertainty associated wi th radar
locat ions i s in the descr iption of the impact of the uncertainty on the
detection rate for a target at a fixed location. The most straightforward
methods for relati ng detection rates to location uncertainty require pro-
hibitive computational resources.

Another option that should be cons idered would allow the flight
al titude to be varied over the legs of the ingress flight path. In the
proposed standard configuration of SCAMP-l , the user defines a s ingle
al titude for the entire ingress fli ght. The suggested option would allow
the deci s ion maker to def ine the flight al ti tude for each leg of the flight
path , much as flight speed is treated currently in the Route Planner. This
added flex ibi lity woul d increase the complexi ty of the di splays s ince the
decision maker would have to work wi th composite detection rate maps for
several alt itudes simultaneously. Possible ways of solving this problem
are discussed bel ow in Section 4.1.6 on Display Features.

4.1.5 Optimi zation and Analysis

The des ign for SCAMP-l will assume that optimization of route
parameters will be performed manually, although allowance will be made for
eventual addition of an automatic optimization procedure. Sensitivity
ana lyses similar to those in ASTDA will allow the user to examine the Covaria-

q tion of any single input variable and any single criterion variable. An
ASTDA—l ike analysis of the relationship between launch time and engagement
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results will be available w i th the addi tional poss ibility that different
ingress flight paths may be used for different launch times (e.g., if

varying weather conditions produce significant variations in radar detection

rates). The intra—process analysis in ASTDA ’s loss-by—segment displays will
also be used in SCAMP-i.

In addition, there will be new analyses in SCAMP-l to perform func-

tions not addressed by the other aids. The user will be able to describe
and compare engagement results for several distinct sets of engagement condi-
tions corresponding, for example , to different strike force comp lements and
target assignment rules. This type of analysis is a straightforward exten-
sion of the launch time analysis in ASTDA. In order to improve the computa-
tional effic iency of the system, the user will be able to specify an automatic
stopping rule for the sampl i ng of simulated strike engagements. Thus, unlike
ASTDA , where the number of samples is a fixed system parameter, the sample
size used in SCAMP-i may be either specified by the user as a fixed number

or determined dynamically according to a set of user-specifi ed convergence
criteria.

The application of the nonlinear programing optimization algorithm

to route parameters and other ~ariables will be reserved for a later phase of
SCAMP-l development. Optimization over combinations of variables such as strike
force complement or target assignments may be useful to a decision maker and
could be treated mathematically in the same way as the route optimization
problem . It would, however , be infeasible to use a stochastic engagement
model for this type of optimization and even wi th a deterministic model the
amount of computer time requ ired for the procedure may be unacceptable.
Incorporation of automatic optimiza tir-r, in the SCAMP-i system should be con—
tingent, in any case, on the appearance of experimental evidence that indicates

that automatic optimization can reliably produce a significant improvement
over manual optimization.

V
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4.1.6 Di sp lay Features
The principal new display capabilities that will be developed for

SCAMP-i relate to the display of the combined detection rates of all enemy
radar sensors. The display techniques used in the Route Planner will have
to be modified to reduce display generation time and to present radar
detection information in a way that will facilitate identificati on of an

• optimal flight path. In order to construct the new radar detection map, a
fairly fine grid will be superimposed over the map area (say, 50 x 50 or
100 x 100). For each cel l in the grid, the composite detection rate will
be calculated according to the same procedure as currently used in the
Route Planner except that the basic radar detection model of the Route
Planner will be elaborated to incorporate several additional factors.

Cal culated detection rates will then be converted to detection probabilities
for unit time dwel l in each cell. The resulting matrix of detection prob-
abilities will then be converted directly to a display of equal detection
probability regions by collapsing the continuously varying detection rates

into a few probability classes and assigning a different gray level or
color intensity to each class.*

The basic bar graph display that is used in most of the ASTDA
displa ys will be adopted for presentation of the same types of data in SCAMP-i .
These displa ys enabl e the user to compare the distributions of a single
output variable over several different engagement conditions or mission
segments.

_ _ _ _I
*It would be interesting to compare the quality of route plans pro-

• duced by peopl e using detection rate contour maps and those using detection
probability region maps .
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If the user is al lowed to vary the flight altitude of the strike
force over the legs of the ingress path , new display techniques must be
developed so that the user can examine simu l taneous detection probability
maps for several different flight altitudes . Two possible ways of offering
several maps at one time are:

(1) Generate hard copies of each, and -

(2) Generate four maps at the same time in four quadrants of the
CRT screen.

By us ing the latter approac h, the same candidate approach path could be
traced on all four maps -at the same time in order to help the user see the
relevant tradeoffs in detection probability and altitude.

4.1.7 Ro l es of Human Judgment and Heuri sti cs
Human judgment will be used in SCAMP-l in basically the same ways

it is in ASTDA and the Route Planner separately. It will continue to be
necessary for the user to identify his prob lem, to estimate model parameters
so as to represent the problem situations , and to select the analysis pro-
cedures that can help him to make a decision . However, the new display and

analysis procedures should make these tasks a little easier than they are
currently in ASTDA and the Route Planner.

4.2 THE TOP-DOWN APPROACH
In contrast to the above discussion of the bottom-up approach ,

there are relatively few details about the top-down approach that can be
offered. The components of the bottom-up- approach , the separate ODA decision
aids , are presently available; the top-down approach must start wi th a
systematic analysis that is yet to be undertaken . The object of the analysis
must be to identify the needs of the decision maker in structuring campaign
planning probl ems and in formulating global objectives for the campaign.
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Al though the SOC prov ides a structure for the representat ion of
a task force campaign p)in , it does not assist the user in devel oping the

plan or , more importantly, in defining the objectives to be achieved by the
plan. The first step in attacking the campaign planning task should be to
define the purposes of the campaign. Purposes should be specified operationally

in terms of desirable and undesirable end situations that should be encouraged

or discouraged by the task force campaign. Objective situations could be
described positively, for example, as the situation in which the Orange air
strike campaign from ONRODA against the Grey mainland has ceased and the
Orange—su pported faction in Grey has not taken power; or they could be
described negatively, for example , as the situation in wh ich the major world

~power , Red, does not actively support Orange in the war between Orange and
Grey. Once the situations that are potentially of consequence to the task

force campaign have been enumerated and described at a gross level , it is
necessary to~ td details to the situation descriptions in order to make goal

satisfaction verifiable. At this point , factors such as timi ng of events

and possible mitigating circunstances must be considered. Next, the charac-
teristics of the elaborated objective situations must be related either
deterministically or probabil fstically to the variables represented in the

available process models. For example, at thi s stage, the analysis might
call for a probability distribution to describe the expected relationship

between force attrition and the Orange commander ’s decision to cease launch-
ing air strikes against Grey. Before considering any action options , all
interrelations between the objective situations should be analyzed to ensure

that they are mutually exclusive and independent of one another. Finally,
after considering all the aspects of the above analysis , the decis ion maker
would assign values to each of the situati ons considered . The result of
this procedure would be the determination of surrogate values for variables
that can be related by process model s to variables under the control of the
decision maker.

The above goal analysis procedure is admittedly sketchy and requires
consi derable elaboration , but i t  should be clear that  it represents a
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significant departure from the Decision Structuring Aid (Merkhofer et al.,

1977). The above procedure calls for a thorough analysis of objectives prior
to any cons iderat ion of action alternatives wh i le the Dec i s ion Structuring
Aid forces the decision maker to define and analyze plausible actions before

• considering the value of possible results. The problem wi th the latter
approach is that it requires the decision maker to perform a very difficult
valua t ion  in which the situati on being assigned a value may have an unclear
relation to the overall campaign obj ectives .

Development of the goal analysis approach to decision structuring
will define the requirements for a campaign simulation model and the appro-
priate analysis capabilities to be used wi th the model . A somewhat elaborated
version of the SOC, with a more developed engagement model , would probably
suffice for the s imulation model , though the specifications for the simula-
tion should be defined only after some initial experimentation wi th the
goal analysis in the task force planning context.

It should be noted that the goal analysis procedure is not an
al ternative to the Decision Structuring Aid , but rather a supplementary
procedure for addressing the probl em of defining a value function . The
decision tree structuring components of the Decision Structuring Aid would
be quite useful in a campaign planning aid, but only when values can be
assigned rel iably and consistently to terminal situations.

In sumary, the top-down approach to an integrated decision aiding
system could provide the decision maker with a tool to guide him in a top-

down analysis of his decision problems. The system begins each analysis
wi th a thorough definition of goals that are systematically related to pre-

dictable (though perhaps uncertain) results of actions that may be made by
the decision maker and his adversaries . Options for action are then analyzed
and contingency pl ans are developed. A comprehensive campaign simulation
model is then exercised and , along wi th the value model constructed at the
outset , value distributions can be derived for each string of actions,
adversary responses , and uncontroll:d :vents.
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5. GENERAL SOFNARE STRUCTURE

There are several phases in the representation of a decision prob-
lem. The decision maker must specify and describe his problem in terms of
the established operations and contingency plans , the decision alternatives ,

and the value model i nvolved. This can be termed the Problem Speci fication ,
or PS, phase. But the mere statement of a problem does not necessarily define

what will be considered as the information needed to sol ve the problem. The
desi red solution must also be descri bed in terms of the decision variables ,
decision cri teria, and analysis forms to be used. This can be termed the
Solution Description , or SD, phase. The description of the sol ution is

• clearly spearate from the description of the problem , yet it is also depen-
dent on it because each type or class of decision problem has only a limi ted
number of cri teria or variables through which a soluti on may be defined .

The model of the real world that is used to generate the desired
solu tion to the problem must be based on empi ri cal data (or lacking this,
informed judgments) concerning the characteristi cs of the processes being

modeled. The creation of this empiri cal data base can be termed the Perma-
nent Data Base Establishment, or POE , phase. Each of the process models of
the various aids described above, for example , requires a large number of
parameter values which represent features or capabilities of weapons plat-
forms , sensors , etc. In the case of the i ntegrated aid, these data would
include such things as maps , aircraft/ship sensor performance statisti cs,
conbat engagement statisti cs, or invariant tactical information. While

these empiri cal data or judgments are obtained and entered to a decision

aid independently of any specifi c problem or its solution , the permanent

data to be used in solving a given problem are totally determined by the
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PS and the SD and the process model s used. PS, SD, and POE represent con-
ceptually distinct components of a decision aiding system, yet in the context
of a specific problem they have clear logical interrelati ons. This suggests

that a general software organization for the integrated aid can be developed
in terms of the PS , SD, and POE functions.

In each of the four separate aids, this three—part structure is
present but not explicit because each aid was designed to address only one
type of decision situation or problem and because the aids are currently
configured more for demonstration and experimentation purposes than for
operational use. Each aid provides only a fixed (though sometimes fairly
exhaustive) set of decision making criteria as outputs , and s ince the problem
type and decision criteria are hard-wired , the bac kground data are also
hard-wired, or at best very tightly constrained . No distinction is made in
the separate aids among the PS, SD, and POE functions because there is no
flexibility in these functions. In the SOC and ASTDA aids , for example , all
the di splays can be selected from a s ingle “menu,” whether the di splays are
intended for PS, SD, or POE purposes.

Such hard—wi ring should be avoided in any complex , computer-based

decision aid. Each time the integrated aid is used , a problem and a solution
must be specified , and background data (if not already present) must be pro-
vided . Of course, the solution criteria possible and the background data
needed will be determined by the choice of a decision-making problem . Since
the type of problems to be considered by an integrated decision atd are
quite varied , the kinde of prob lem descr ipti on , solution, and bac kground data
that may be used by the aid must also be diverse. In any single application ,

not all (or perhaps not even many) of the possibilities will actually be used .
The decision maker should only be requ ired to deal with those issues relevant

to his problem ; the rest of the possibilities should be transparent to him.
So in the integrated aid , there should be three basic functions at the highest
level of the system:
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(1) Problem Setup/Recal l -- which consists of specifying
(a) an operations scenario (e.g., who i s where , wi th
wha t resources , under what weather conditi ons), (b)
a set of al ternative courses-of--action , and (c) a
value mode l for the prob lem. These da ta cons titute
a ProbZ~em.-Speci f i c  Data Base (P SDB ) wh i ch log i call y
must be entered in the above order. A PSDB may be
stored and recalled la ter for further anal ysi s or
modifi cation.

(2) Viewing/EnterinqJUpdating Background Data -- which
consists of interfacing a user ~who , in this case,may not be the decision maker) wi th all the background
information needed by the various decision aiding models.
These data form a Permanent Data Base ( P D B ) .

(3) Sol ution Setup/Output Request -- which consists of
• speci fying the decision cri teria to be used and the

output vari ables and/or forms of analysis desired
(e.g., outcome predicitions , utility predicti ons ,
sensitivity analysis , and optimi za tion ) .  These
reques ts, combi ned with the PSDB , will result in
a particular decision aiding algori thm being selected
and run (us i ng data from PDB) and the desired results
being made avai lable  to the decision maker.

This organi zation is diagramed in Figure 5-1 . The vertical arrows
indi cate control flow , and the hori zontal arrows indicate logi cal sequences

in which the information must be entered. For update/viewing, the order is
i rrelevant. The background data function would normally not be conducted
by the decision maker (but by subordinates ) and could be enti rely transparent
to hi m unless he under took a prob lem for whi ch the needed da ta was absen t.
This situation would cause an alert indicati ng that the calculati ons were

being performed wi thout all the needed data , or would force the entry of

the missing information.

While certain modi fications will be required to make the individual

aids work synergisti cally on new problems , this organization can even accom-
modate the separate aids as they now stand. It is primarily a superstruc-
ture to be built on top of the other SCAMP software to tie it all together
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and to allow inclusion of new functi ons and programs. To clarify hots this

organization would appear to the user,- an example user interface is pro-

vided in the appendix.

A permanent data base that is appropriate for the SCAMP system
has been develcped in the ODA programs (CTEC, Inc. 1976, 1977). Since the
ODA Data Base represents the structure and content of the kind of Navy data
bases that might be available in the coming decade, development of the
integrated decision aid on that foundation should facilitate eventual imple-
mentation of the aid in the fleet. It is appropriate to make maximum use
of data that is currently represented in that data base in defining the
input variables and parameters for the SCAMP system.
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6. CONCLUSIONS AND RECOMMENDATIONS

This report has surveyed several of the available ONR decision 
-~

aiding systems that address aspects of the problems of planning air strike

missions and extended naval task force campaigns. The characteristics of
these aid s have been descr ibed with regar d to how they could poten tial l y
interface with one ano ther , the opera tional comple teness of the prob lem
representa tions i n each a id , and the decision structuring needs of the deci-
sion maker. In these descriptions , some i ncompa tib i l it ies among the a ids
were noted and suggestions were made as to how these incompatibilities could
best be overcome in an integrated decision aiding system. In seeking to
overcome the incompatibilities among the individual decision aids , a number
of desirabl e attributes for the integrated system have guided our considera-
tions:

• Consistency

-- Separa te model s for the same process should be consol ida ted . -~
-— Separate ways of ass ign i ng value to the same type of

cr iter ia should be reconc i led in a si ng le value model.  
-
~~

Values for short-term objectives should be appropriately 1
related to l ong-term objectives . I

-— Definitions of data variables should be consistent.

-- Arbitrary variations in display format should be avoided.

• Validity 
-

-- Operationally appropriate input variables should be
represented in process and value models. •

-— Output variables should be relevant to the decision process. •

- 
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-- The value model should accurately translate short-term
and l ong-term objectives into preferences on process
model outputs .

-- The struc ture of the process model s shoul d conform to
real—world task force situations.

• Flexibility

-- It should be possible to configure parameters and options
in the process model s to represent all scenarios of
potential interest.

-- It should be possible to tailor the value model to describe
• all objectives of major concern.

-- Definitions of data variables should admi t representation
of all real i zable situa tion charac ter istics.

-— The user should be able to apply general analysis pro—
cedures to a maximum range of specific questions.

-- The aid should be compatible with the information and
analysis needs and the decision making styles of all
individual s who will use the system.

• Efficiency

-- M i n imal informa tion su pp l yi ng tasks shoul d be imposed on the
user .

-- M in imal demands on computer resources shoul d be made bot h
tn terms of processing time and storage requirements.

-- Di splays should not be cluttered wi th information irrelevant
to the user ’s interes ts.

• Extendibility

— -- It should be possible to add new model ing capabilities ,
problem applicatio ns , anal ysis techn iques , and dis pla y
procedures to the aid without being forced to re-design
the entire system.

• Understandability

-— The user should be able to understand exactly what informa-
tion is requested of him as system inputs .
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-- The user should be able to interpret system outputs in
operationally meaningful terms.

-- The user should be able to recognize the domain of problem
situations for which the aiding system is relevant.

-- The user shou ld clearl y unders tand wha t factors are inc l uded
and what are excluded from the analyses performed by the aid.

-- The user should be able to understand all options available
to him at each stage of aid impl ementation.

-- Effective system design should minimize the prior special
tra i n ing requ i red for an i nd iv idual to learn to use the
system properly.

Some of these character istics tend to be i ncompat ibl e with one
another (e.g., representing all rel evant variabl es and minimizing the data

- : input task for the user), so compromises are required . But the integrated
decision aid must exhibit all of these characteristics to a reasonable degree
if it is to prov ide an effective interface between componen t deci sion a id ing
funct ions and , at the same time , be respons ive to the needs of the dec i sion
maker.

A number of general i ssues whi ch differen tiate dec i sion aidi ng
methodolo gi es have been cons idered :

• Uncertainty

- .  -- Statisti cal uncertainty in model ed processes and data
estimates can be treated explicitly in terms of variability
measures or average conditions alone can be described .

-- Rather than adopting either alternative alone , process
models and anal ysis procedures should be devel oped that
will permit the user of the aid to determine which alterna-
tive trea tmen t of uncer t~inty to employ on a case-by-case

* 
- basis.

• Valua tion

-- Valuation of process results can be achieved through
problem-specific value models or hierarchicall y structured
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value models can be developed to define long-term objectives
and to relate them to short-term results.

-- Any value model should be considered as an optional additi on
to the standard presentation of predicted unvalued engage-
ment outcomes . Problem-spec ific value functions should be
incorporated in the integrated system wi th value parameters
suppl ied at the time of the decision analysis. Research
should be initiated to determine a framework for the defini-
tion and valuation of naval task force objectives.

• Optimi zation

-- For most well-defi ned processes with associated value model s,
it is possible to offer mathematical optimization techniques
wh ich determ ine conf igura tions of input values that produce
max imum output values or to l eave the search for optimum
cond itions to the user.

-- The initial formulation of the integrated system should be
oriented toward manual optimization procedures and experiments
shoul d be conduc ted to determ ine i f sign ifi cant impr ovemen ts
over the manual procedures can be ach ieved by au tomat ic or
semi -automatic optimi zati on techniques.

• War-Gaming
-- A dec i si on aid can be des igned to deal onl y with the cho ices

to be made by a si ng le dec i sion maker or with the cho ices
of both adversary decision makers in the form of a war-game.

-- The integrated aid should be optionally operable in a war-
game mode in order to ensure realistic treatment of the
al ternatives open to the enemy.

Underlying all of these reconinended capabilities of the integrated aid is the
idea that the expertise of the principal decision maker and his staff should

be thoroughly incorporated into the decision process.

Two distinct approaches to aid integration are described ; both
should be pursued in parallel . A top-down approach addresses the problem of

defining globa l task force objectives , rela ti ng them to results tha t can be
model ed , then defining the model and analysis requirements at the highest

- 

— 

level of the system to be developed . A bottom-up approach focuses on the
eliminat ion of interface probl ems between component decision aids to produce
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an efficiently functioning system. A first stage application of this approach
is described for decision problems associated wi th the planning of a single
air strike mission . The proposed system, called Stri ke Campa ign Plann ing
Decision Aid— l (SCAMP-l ) is comprised principally of features from the Route
Planner and ASTDA.

The general conclusions reached in this study are as follows:

• Al though the four probl em-specific aids developed in the ODA
program exhibit effective techniques for attacking certain
problems , they cannot currently be used effectively together

-
• 

to attack pro blems tha t overl ap the doma ins of the separa te
a ids because of su bstan tial differences in process , value , and
data representations.

• To provide reliable valuation estimates for the available
decis ion aids, the deci sion maker requ ires ass i stance i n
rel ating imediate actions to l ong-term goals.

• The user of the integrated aid should be able to access and
analyze sensitivities to virtually all variables represented
in component process models.

• The engagement models in ASTDA, EWAR and SOC can be made
compatible with one ano ther only through development of a
consol idated engagement model which could be optionally
exercised in deterministic or stochastic modes.

• The value models in the Route Planner , ASTDA , and EWAR can be
consol idated in a general value model defined in terms of the
destruc tion to both adversar y forces i n an a ir str i ke aga ins t
a lan d or sea based force comp lex .

• To devel op a structure for a value model for an extended task
force campaign , as represented by SOC , it is necessary to under-
take a systematic analysis of the types of l ong term objectives
typically addressed by task force campaigns.

Principal reconinendations for continuing development of an integrated

decision aiding system are:

.4 • An analysis should be made of global task force objectives
in diverse scenarios in order to develop a procedure for
determining how the results of short-term actions i nfluence
the achievement of l ong-term goals.
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• Further devel opment of system requirements wi th respect to
the construction of extended campaign plans should be post-
poned until initial development of both SCAMP—i and the
analysis of task force objectives are completed .

• • A bottom-up approach should be appl i ed to the development of
SCAMP-i which analyzes problems associated with the planning
of a single air strike mission.

Specific features to be incorporated in SCAMP-l should be:

(1) A model of the air strike engagement for land and sea based
targets that considers the effect of time of threat-detection
on defensive response, the effect of in-flight visibility on
air-to-air and air-to-ground engagements, and description of
force element damage along wi th aggregated losses and survivals;

(2) The capabi lity to describe uncertainty in input data, process
events, and output data in terms of statistical distributions

- . or , optional l y, to trea t all  data as fixed and processes as
determ inis tic;

(3) A model of the detection of an air strike force by multiple
radar sensors that considers characteristics of individual
radars , the number of aircraft in the str i ke force along with
the ir s izes and fl ight al titude , and weather conditions as
described by in-flight visibility for the strike force;

(4) A display of combined radar effectiveness that depicts regions
of roughly equal probabilities of detection in a unit time
ra ther than con tours of equal detection ra tes ;

(5) Displays of basic results of simulated engagements in terms
of a variety of measures such as damage, losses, attrition ,
surv ival , and aborts by force un i t type;

(6) An optional value model for engagement results based on damage
and force losses sustained by each adversary ;

(7) Displays of basic approach route characteristi cs in terms of
detection probability and fuel consumption over the legs of
the path ;

* ‘ (8) An optional value model for the quality of a stri ke approach
route based on fuel consumpti on and detection probabilities

j weighted by time of detection.

(9) An optional stopping rule for Monte Carlo sampling of the
process model ;

L 

6—6

-
_ _~~~~~~~~~~~ _

- ____________ _~ ~~~~~~~~~~~~ ~~~~~~~~~~~ 
- - 

- • ~~~~~~~~~~~~~~



H
(10) The capability to analyze alternate stri ke launch times

where force readiness , wea ther , and approach rou te al l  change
with time ;

(11) The capability to analyze the results of arbitrary user- 
- -

specified configurations of engagement characteristics
(e.g., force readi ness , weather , approach route, target
ass i gnme nt, strike complement).

Many of the features described for SCAMP-i anticipate later inclusion
of the model s and anal yses of EWAR and SOC for broader issues of campaign -

plann ing. A general programing structure for the integrated aid based on
component functions of permanent data base establishment , problem specifi cation ,

and solution description , should facilitate all future extensions and modifica-

tions of the system.

The initial effort required to develop a working version of SCAMP-i

is the detailed design of appropriate mathematical models for the detection

of a strike force by enemy radars and the engagement of adversary forces.
Designing component models can be accomplished fairly quickly since the
models provided by ASTDA and the Route Planner have many of the required
characteristics. Subsequent impl ementation of SCAMP-i as a computer program

will require significant modifications to routines that can be adapted from

existing programs. New software will have to be created to perform new
functions that have been radically changed from other aid implementations.
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APPENDIX
SAMPLE USER INTE RFACE

After calling up the i ntegrated aid , the user would ini tiall y
select a type of function for the current run from an initial menu asking

to:

SELECT FUNCTION TYPE:

1. UPDATE/REVIEW PERMANENT DATA BAS E

2. ENTER/RECALL A DECISION PROBLEM

3. DEFINE SOLUTION/RUN MODEL

4. STOP

If the f i rst al terna tive were chosen , another menu would appear listing the

various background data tables in the permanent data base that were available

for viewing and update. For example :

SELECT DATA FOR UPDATE/VIEWING:

1. PLATFORM AND SENSOR ATT RIBUTES

4 
- 2. ENGAGEMENT STATISTICS
L 3. WEAPON PLATFO RM AVAILABILITY

4. ELEMENT TYPES

5. MAPS

6. END FUNCTION
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The data chosen would be displayed in tabular and/or graphic modes. The user
would then have the option of updating entries or exi ting from the menu.

As modifi cations or new data are entered to the POB , the system
will perform cross-checking and error-checking operations . These will pre-
vent the entry of erroneous or unacceptable data , and will suggest or per-

• - haps even require entry of related data. For example, if a new element
type were added , say an F-18, to the element list , then the system would
request that data on its engagement statistics, sortie rate, etc., be

— 
- entered to other parts of the PDB.

If the secon d function type were selected from the i n iti al menu
instead of the first, the user would be ased to:

ENTER ‘NEW ’ FOR NEW PROBLEM SETUP

‘OLD ’ FOR OLD PROBLEM RE CALL

If ‘NEW ’ were en tered , a name for the new problem would be requested from
the user. After one was entered, he would be gi ven a series of prompts or
tabl es to guide the speci ficati on of an operations scenario. For expository
purposes, a hypotheti cal problem from the ONRODA scenari o (Payne and Rowney ,
1975) will be used. The decision problem will be the construction of a
strike complement for a single offensive strike on the third day of Bl ue ’s

campaign against Orange. This choice of problem is in keeping wi th the
suggested capabilities of SCAMP-i as discussed above.

• 
1~~.

The fi rst speci fication requested will be the selection of a map
of the operations area. The user will be asked to:

SELECT MAP CODE - ONRO DA*

I
* In all subsequent user-computer coninuni cati ons , the portion of the line

underlined is typed by the computer, and that not underlined , by the
user. If no portion is underl ined , however , the entire line is type
by the computer. 
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ei ther from a menu of maps (in the PDB) that would be presented by the system
or from a manual indicati ng the available map names. Here, the decision-
maker enters the name of the map of the ONRODA opera tions area. If the
problem requi red no map , or if no appropriate maps were availabl e in the
data base, the user could simply hit a carriage-return to indicate that no
map would be selected. This “not app l ica ble ” i nd icat ion would be ava i lable

- - for all sections of the scenario definition.

Next, he would be asked to define each Bl ue and Orange complex in
• 

- 
• - the operation area. These data would be entered in a series of tables similar
• - to the SOC complex definition tables . Each complex would be l ocated on the

map by the user. From these locati ons , the system would compute distances
between complexes.

The user would next be asked to:

DEFINE BLUE ELEMENTS - KH (CR)
LEAHY (CR)
Fl4 (CR)
A6 (CR)
A7 (CR)
F4 (CR)
(CR)

where (CR) is a carriage return.

The responses provided indicate that Ki tty-Hawk class carriers ,
LEAHY-class support ships , and F14, A6, A7 , and F4 a i rcra ft were bei ng used
by the Blue force. Each element type entered would be checked by the system,

-: to ensure that data concerning it were present in the PDB. If not, the user
would be alerted or the element type would be disallowed.

I
Then each element type would be assigned to a complex wi th an m di-

H cation of the maximum number present. It will be assumed that Blue has only

one complex designated CTF (for Carrier Task Force). The system would
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promp t the user:

FOR ELEMENT ‘KH’ INDI CATE COMPLEX AND M A X I M U M

NUMBER AVAILABLE - CTF , 2

FOR ELEMENT ‘Fl4’ INDICATE COMPLEX AND MAXIMUM
NUMBER AVAI LABLE - CTF , 20

and so on. Similar element defini tions and assignments would be requested

for the Orange force. As a final part of the scenario, the user w i l l  be

asked to:

SPECIFY TIME FRAME OF I NTEREST

B E G I N N I N G  HOUR AND B E G I N N I N G  DAY - 600 ,1

ENDING HOUR AND ENDING DAY - 240,30

and to

SPECIFY TIME-STEP (IN HOURS) - 1

This establishes the entire campaign as the time domain of potential interest.

This will allow the current scenario to be specified once for the enti re cam-
paign , and then merely “recalled” every time a new decision problem is encoun-

tered.

All of the above information would then be stored as the operations
scenario part of the PSDB under the name supplied at the beginning of the
function. If, at the beginning, the decision maker had responded “old” in

order to recall a previously created scenario, the informat i on prev iousl y
stored under the stated name would be recalled. He would then be given an
opportunity to review the scenario and update parts of it, or to proceed

directly to the next part of the PS functi on , the specifi cation of a decision

variable and a set of alternati ves .
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Since virtually every variable in the system is available to the
decision maker as a decision variable , the selection of a decision vari able
cannot be made from any simple list or menu. Rather, the choice will be
made through a mul ti-level selecti on procedure. At the most general level ,

the user will be asked to choose the type of the decision vari able.

SELECT DECISION VARIABLE TYPE

1. OPERATIONS PLAN

2. UNIT DEFINITIONS

3. TIME OF ACTION

4. STRI KE ROUTE

5. PDB ITEMS

These five categories cover the range of decision variables possible.
Depending on the type chosen , additional lists will be presented to refine
the category. For the present problem , the second item, UNIT DEFINITIONS ,

would be chosen. A subsequent list would allow the user to choose the name
of the specifi c Blue or Orange unit to be considered. Here, a Bl ue unit
named Al pha would be selected indicating that the decision variable for

this problem was to be the composition of a Blue air unit referred to as
Alp ha.

Nex t, the system will take the decision maker through the iterati ve
specifi cation of decision alternatives. The construction of an alternati ve

requires speci fying values for all the i nput variables required by the pro-

cess model . At the very l east, the decision variable must take on different
values in each of the al ternatives. Other input variables may be i dentical
or di ffe rent across alternatives, depending on a var iety of cons idera tions.
For example, if the decision variable was of the time-of-action type , then

di fferent estimates of the weather conditions , Blue read i ness , and Orange
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readi ness would be requi red for each alternative , si nce each al terna ti ve
represents a different point in time.

The system would di rect the creation of an alternati ve by first
reques ti ng a va l ue for the deci s ion variable , then proceed i ng through all
the other input variables . The complete specifi cation of an al ternative
requi res the input of:

• Course of action plans for both Bl ue and Orange

• Definitions of Blue and Orange units

• Ingress routes between complexes for each Blue
and Orange mission-type

• Predictions of weather conditions at each complex

• Estimates of Blue and Orange readiness at each complex

More detai led description of the variables required is i mpossible wi thout a
complete specification of the process- model to be used in the integrated aid.
Throughout the specifi cation of alternati ves , the user would be able easily

to i ndi cate, say by hitting a return key without entering any data, that the
data requested is the same as the data in the previous alternati ve (obviously
thi s option would be unava i lable i n the construc tion o f the fi rst alternat i ve ).
The user could also speci fy the da ta to be the same as i n al terna ti ve “j ”
through some convention , suc h as en ter i ng “#j.” These fea tures woul d grea tly
facilitate the construction of al ternati ves.

Once the alternati ves had all  been crea ted, the user would have the

- - 
opti on of defin i ng a value model. S ince there are several differen t forms
which the decision maker might wish to employ for the value model , if he

chooses to impl ement a value model , the system will first ask him to:
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SELECT DESIRED FORM FOR VALUE MODEL

1. DIRECT ENTRY

• 2. DYNAMICALLY CONSTRUCTED

3. AGGREGATED-LOSSES

Once a form was chosen , the system would help construct the value

model and elect parameter values for it. As discussed in Section 3.3 pre-
viously, va l ue models can be cons truc ted i n at leas t three di fferen t ways.
The most limited perspecti ve is provided by a di rect specification of a

utility function by a decision maker who has a precise , unam big uous and
explici t goal in mi nd for the specifi c decision problem at hand. By select-

ing the first form listed above , the user could choose to create a utility
- - 

function himself. This utility function could be entered as any functi on
dependent on one or more of the process model output variables .

At the other extreme, the broadest perspecti ve can be provided by

developing a val ue model which relates the outcome(s) of the current decision
situation to the set of global objectives for the overall campaign . This form

of value model can be requested by selecting the second i tem in the above list.
The construction of this type of value model requi res a two-step procedure in

which the decision maker fi rst defines the overall campaign objectives and
then defines the di fferent ki nds of ways in which these goals or objectives

may be met. The campaign goals would be elected through a language of objec-
tives in which military objectives can be stated, focus i ng on suc h concepts
as “destroying,” “restraining, ” “limi ting, ” “preventing, ” an d “ seizing. ”

Then , the decision maker would be asked to describe deterministi c or prob-

j ab i l i sti c rela tions hi ps between poss i ble force con fi gurat ions an d the stated

‘I - objectives. The system then uses the engagement simulator to assess the sen-

sitivi ty of each of these “fi nal states” to each of the output variables and

calcula tes importance wei ghts for each of them based on this analysis. These

wei ghts would then be used as coefficients in a utility function , constructed
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I ~
by the system, through which the resul ts of the current decision problem

Ii would be evaluated. This value model will then have been dynamically con-
structed by using the process model to balance the current problem’s resu lts
against the user’s global objectives.

An intermediate course, represented by the last item in the above
list, is to evaluate the results of the specific decision situation in terms
Of the aggregated damage and destruction to both the Blue and Orange forces.
In this problem speci fic form of the value model , the decision maker is eval-
uating the inmiediate outcome in terms of his overall losses relative to those
of the enenw without any consideration for optimizing the results with regard

• to long-term objectives. After the user selected this form, the system woul d
elici t tradeoff values from the user for each of the Red and Blue element
types. These values would be used as coefficients in a linear val ue function’

I based solely on the number of each Red and Bl ue unit destroyed or damaged.
I~~I 

L~ The user would be asked to:
— 1 p

SPECIFY VALUE OF ‘KH’ ELEMENT - 100

SPECIFY VALUE OF ‘LEAHY’ ELEMENT - 10

SPECIFY VALUE OF ‘F1 4’ ELEMENT - 6

and so on. He would similarly be asked to speci fy values for each of the
Orange elements. The primary di fference between this “aggregated—loss”
form of the value model and the “di rectly entered” form is that in the
latter the user is not constrained to consider all the output variables
from the process model, nor to an add~cive linear function relating them.

• In the directly-entered form, he may use only some of the output variables
L. in the value function and he may relate them in complex functional forms.

Once the value model has been speci fied, the decision variables,

alternatives, and value model will be saved along with the scenario descrip-
tion under the name given to the problem as the complete PSD8 .

r i  N A-8
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If the third function type ( RUN MODEL/OBTAIN OUTPUT) were selected
L from the initial list, the system woul d fi rst check to see if a decision prob-

lem had been entered to the system during the current run. If none had, it
would ask the decision maker to supply the name of a problem that had been
previously created and entered. If that problem did not exist or was incom-
pletely specifi ed, the system would abort the function and force the execution
of the PS function.

I-

Once a problem has been entered or recalled, the user would be
asked to choose the types of engagement statistics to be collected by the
process model for each of the element-specifi c output variables . These out-

H put variables will be displayed to the user after the model is run In tenns
of the various statistics chosen. The user will be asked to:

SELECT ENGA GEMENT DATA DESIRE D

1. ATTRITION

2. .LOSSESr L 3. EXCHANGE RATIOS

LI and perhaps others. One, two, or even all three of the statistics could be
chosen.

The system would then ask the user to:

SELECT ACTION

F’U 1. RUN SIØJLATOR

{} 2. RUN SENSITIVITY ANALYSIS

3. RUN OPTIMIZER

4. ENTER WAR-GAME MODE

5. END FUNCTION
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and possibly others. If the simulator (process model) were run , the system
would use the data In the PSOB to form inputs to the model and to identify
the addi tional data needed from the PDB. If the data needed from the P08
were found to be missing or erroneous , the decision maker would be noti fied
and given the option of aborting the run or having the mod~l use defaul t

estimates of the bad data. Once all the inputs were formed, the model would
then be exercised for each al ternati ve in the PSDB.

When the runs were completed, the decision maker would be asked
to select output variables for display from a list containing all the output
variables. As with the inputs, an exact list of the outputs cannot be given
without a detailed specification of the process model , but the list would

V Include overall utiliti es and some detailed mission achievement results.
When a specifi c Orange or Blue element was selected for display , i t  would
be displayed according to each of the statistics selected by the user before
the model was run. For example, if the only statistic chosen was ~attritionhs

and the user requested a display of the F14 output variable, the system would
present the process model ’s estimate of the F14 attrition that would obtain
in strikes launched with each alternative configuration of the Alpha unit.
Once the user has viewed all the output variables of interest, he could return
to the SELECT ACTION list and try a different analysis feature or he could
end the function.

When the END FUNCTION option Is selected from the SELECT ACTION
list, the system returns the user to the original SELECT FUNCTION menu.

I. When a request to STOP is entered from that menu, the system checks to see
lf there is an unsaved version of an old or new decision problem in the P5DB.

U If there is, it gives the user the option of saving it. This would also be
done If, upon returning to the SELECT FUNCTION menu, the ENTER/RECALL DECISION
PROBLEM function were selected again.

A-b
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Within this kind of organization, the existing displ ay features
of the ASTDA, SOC, EWAR, and ROUTE PLANNER aids could even be maintained
as they are. The new software would largely consist of table-driven algo-
rithms to identify the permitted displays or tables at various points in the
program, to identify the data necessary for processing to continue, and to

• 
monitor the PDB and PSDB to ensure that no step begins or proceeds without
the requi red data.

I
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