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I INTRODUCTION

The Office of Naval Research (ONR) is presently pursuing a five-
year multicontractor program} to promote the development of decision aids
and procedures in support of Fleet operations.* Stanford Research In-
stitute (SRI) is a continuing participant in the program, researching
into the nature of the task force decision environment and into the
development of decision techniques for use in this complex decision
environment. A large portion of the total ONR effort in developing
decision aids and procedures in support of Fleet operations has been
involved with structuring a data base of information relevant to task
force decisions, designing computer display formats for the presentation
of information, and applying decision-analysis research in the Fleet
environment. The decision-analysis research has focused primarily on
the decision-problem structuring, the probability encoding, and the
value-encoding components of the decision-aiding system. A vital com-
ponent of this system is the outcome calculator (OC). This technical
report describes research involving the development of a functional out-

come calculator.

The purpose of an OC is to determine quantitatively the outcomes
of various combinations of decisions and events (situations) that evolve
in analyzing a decision. Figure 1 depicts the role of the OC in the
decision-aiding system. As originally conceived, the basic decision
model shown in Figure 1 is a classical ''decision tree,” a method of
formal decision structuring. The tree branch ends are combinations of
alternative courses of action and chance events. After an outcome is
estimated for each tree branch end, it is transformed into a utility

value. The tree is then '"folded back," so that an expected value for

*
A complete list of all references for this report is found in Section V,
References.
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each decision alternative is calculated, using probability factors and
outcome utility values associated with each branch. The decision yield-

ing the greatest expected value is, then, the best alternative.

Currently, the outcome calculators used by the Fleet consist primarily
of officers using their experience, empirical data, and qualitative judg-
ment to estimate outcomes associated with possible situations. This

method is inadequate for the task force commander (TFC) in his efforts ;,

to perform such demanding tasks as the following: (1) determine and
treat the complex interrelationships among variables involved in the
decision-making process, (2) evaluate the sensitivity of outcomes to
variations in many uncertain parameters, (3) consider the dynamic nature
of the events affecting the outcomes, and (4) plan for numerous con-
tingencies that could occur as a mission is being performed. These
complex, interrelated tasks generated the need for the ongoing research

described in this report.

The purpose of this research is to provide the task force decision-

aiding system with an innovative and efficient outcome calculator to

assist a task force commander in obtaining outcome estimates of various 4

possible sequences of decision, events, and results. The research for
this report was limited to the naval air strike warfare area and the
necessary associated consideration for air defense. Within the scope

of the Office of Naval Research (ONR) total operational decision-aids
program, this initial research effort could be justified only in one
specific warfare area. Because strike warfare did not present overly
restrictive couplings with other warfare areas and, in a sense, could be
treated independently, it was chosen as the focus. The research charac-
terizes the relationships between the OC and the other components of the
decision-aiding system. This report includes the definition of the inputs
and outputs required for the OC and the form of communications required
between the OC and the TFC. Several candidate outcome calculators were
examined, and a new outcome calculator was constructed to meet the identi-
fied functions, requirements, and constraints posed for the OC. The
structure of this report parallels the research. This report concludes

with some conclusions and recommendations that resulted from the research.

3
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IT OUTCOME CALCULATOR SPECIFICATION

Y Introduction

As shown in Figure 1, the outcome calculator is a subsystem of the
overall decision-aiding system. The purpose of the OC is to translate |
alternative course of action (COA) decisions and assumptions concerning
the factors that affect COA decisions into estimates of the likely out~-
comes, It was therefore of prime importance to identify the functions,
requirements, and constraints that characterize the relationships of the
OC and to ensure its utility and compatibility within the overall system.
Identifying relationships provided insight into the general types of OC
inputs, the level of detail appropriate for the OC, and the constraints
on the application of the OC within the decision-aiding system. The ac-

ceptabillty and efficiency of alternative means of translating OC inputs

into the desired outputs are affected by many factors., Constraints on the

time, resources, and user training are among the factors that influence |
the choice of alternative OCs. Also timeliness,.precision, and flexi- 4
bility bear upon the c¢ e of the OC. These factors were all considered i

in specifying the desired characteristics of the OC.

As a first step in specifying an OC, the SRI research team charac-
terized the kinds of decisions that might confront the TFC under various
air strike situations, Three representative naval air strike situations
were formulated, and a tentative list of the general type of decisions |
that would face the TFC was developed. Decision-analysis techniques were h
used to study the decisions that would be of most concern to the TFC, and ”
a general list of decision variables and factors affecting those variables g
was prepared. Through this type of analysis, SRI was able to define the
0C function specifically and delineate requirements and constraints for 5

the OC.
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B. Identification of Decision Areas and Decision-Affecting Factors

1. Representative Air-Strike Situations

In attempting to characterize the kinds of decisions of interest,

SRI drew from earlier SRI research reports in this area, Navy documents,
and the Naval air strike background research prepared by SRI and presented
in Appendix A. From these sources, a tentative list of general types of
decisions to be examined was developed, A methodology was then designed
to test for important decisions that might have been omitted from the
tenative list, as well as confirm the list of decisions developed. First,
six descriptors for characterizing an air strike mission were defined.
These descriptors were: (1) mission objective, (2) weather conditions,
(3) type of military target, (4) level of threat to the task force, (5)
whether a condition of war exists, and (6) whether an attempt is to be
made to surprise the enemy. Using these descriptors, the following three

representative air strike situvations were formed:
SIT 1 - Antiair Warfare Strike (AAW)

Objective: destroy enemy air power in the objective area.

Weather : good

Targets : enemy air power and facilities

Threat : medium to high
Timing : attempt surprise attack

(Scenario: ONRODA)

SIT 2 - War At Sea (WAS)

Objective: destroy enemy SSM capability

Weather : good

Targets : enemy ships (SSM ships)
Threat : medium to high

Timing : attempt surprise

(Scenario: ONRODA - red and orange ships
attack first)

e e




SIT 3 - Interdiction and Close Air Support (CAS)

Objective: support own ground forces
Weather : good and/or bad

Targets : enemy lines of communication and supply, ground
targets, vehicles, troops, etc.

Threat : low in area (air superiority established but
SAM/AAA effective)

Timing : no surprise necessary

(Scenario: ONRODA, (amphibious warfare)

It was determined that the above three situations covered the
breadth and scope of the majority of the air strike warfare decision
problems, Specific scenarios were defined as examples of each of the
three situations. The specific scenarios were derived from, or were an
extension of, the ONRODA scenario®. Decision analysis methods were applied
to the scenarios to identify the decisions arising from these situations

that would be of most concern to the TFC.

Situation 1 had been examined’ prior to this research, and the
situation was based on the original version of the ONRODA scenario. A
list of decisions and factors affecting those decisions were identified
for this scenario. One of the most important decisions identified in the
scenario was whether the TFC should plan to neutralize Orange forces on
ONRODA using an air strike or blockade. This decision was structured and
resolved in decision-tree form. Outcome estimates needed for the resolu-
tion of the decision tree were provided by hand calculations, Indeed, it |
was this type of formal decision analysis that clearly demonstrated the

need for the present research.

For Situation 2, war at sea, a scenario was derived from an extension
of the basic ONRODA scenario, in which it was assumed that Orange and Red -
ships would defend ONRODA Island. According to this scenario, the Orange
and Red ships posed a threat to the Blue commander whose main objective

was to launch air strikes against land based air support on ONRODA.

One of the most important decisions appeared to be whether the
Blue Task Force Commander should attack ONRODA immediately or delay at-
tacking land targets until after destroying enemy ships. The situation

7
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was such that it was to Blue's advantage to act quickly, but enemy tactics
were such that it was difficult to locate, much less destroy, all enemy
ships before it became desirable to launch an attack against the shore.

At a very aggregate analytical level, the attack decision might have been
structured as shown by the decision tree in Figure 2. Further analysis
would be required to refine this decision tree, but the major factors
relevant to the decision appear to be the Blue planning decision, the

Orange actions and tactics, and the Blue action decision.

An attempt was made to identify the types of lower-level deci-
sions that would be important in this case and the factors that would
affect these decisions., Some of the decisions and factors that were

identified have been summarized as follows:
(1) Decisions

Offensive/defensive asset tradeoff
How to position forces

How to time use of forces

(2) Factors affecting decisions

Orange and Red formations and tactics (especially
threat axis)

Composition of force

Weather

For Situation 3, interdiction and close air support, an amphib-
ious warfare extension of the ONRODA scenario was used. According to the
scenario, a task force commander has been ordered to supply air support
for an amphibious assault on Orange forces in Grey, a country friendly
to Blue. The troops have been successfully landed and local air superi-
ority achieved. The main objective for the task force at this time is,

through interdiction, to stop resupply of enemy troops.

Compared to antiair warfare and war at sea, interdiction is a

relatively easy decision-situation for the task force commander if the

threat to his task force is low. Situation 3 is based on the assumptions

that air superiority has been established and that the threat to the task
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force has been minimized. The task force commander would work closely
with the ground commander ashore on scheduling reconnaissance and routing
decisions. An important TFC function, however, would be to make decisions
for altering the basic plan in the event of unexpected threat or other

contingencies,

Application of decision analysis methods indicated that one
decision that might concern the TFC was whether or not the commander should
delay running air strikes in bad weather. Unless the enemy had SAM bat-
teries that posed a serious threat, the commander would most likely con-
tinue to run his strikes in bad weather using all weather aircraft on
armed reconnaissance., If the weather were bad and the enemy had a SAM
capability, the commander would have a tougher decision. In this latter
case, preliminary decision indicates that he might want to delay his
strikes unless the ground commander had units in jeopardy. Another deci-
sion identified was the offensive/defensive tradeoff decision. It was
decided, however, that unless a significant Red threat developed, this
would not be a difficult decision because in Situation 3 the blue forces

were sufficient for both an adequate defense and a full offense.

Other decisions identified were routine. The decision of

whether to risk the destruction of some valuable Grey property, such as

a major industrial facility, was mentioned, but it was decided that this
decision would probably be left up to Grey advisors. It was concluded
that, barring the unexpected, the TFC would be concerned with such deci-
sions as type of attack, mix of aircraft, and weapons loading., The weapons
loading decision might be critical if the targets were in an area known

for high aircraft loss rate. In this case, using more expensive 'smart"

weapons was a tradeoff to achieve a lower aircraft loss rate.

The basic decision for the weapon loading/attrition trade-off
can be illustrated as follows. Suppose that the commander must decide
whether to risk a high rate of aircraft loss by dropping many dumb weapons
from low altitudes or to use more expensive smart weapons from standoff
distances. The uncertainty for the decision might be the accuracy of
ground intelligence stating the number of AAA and SAMs in the area. Drop-

ping a small number of smart bombs from a standoff position might provide

10




marginally better accuracy at a much lower aircraft loss rate than a large
number of dumb bombs from a low altitude, A simple decision tree that
illustrates the structure for this problem might appear as shown in Figure
3. To compute the outcomes for this decision tree, the outcome calculator
would have to compute expected losses and enemy losses, under both dumb

bombing tactics and under smart tactics.

2. General Decision Areas and Factors

The decisions that were identified during the above discussed
probings of the three representative air strike situations were used to
verify and augment the tentative list of air strike decisions. The study
determined that through a slight modification of the tentative list, a
list of general decision types could be obtained that appears to include
all major decisions that might be required of a task force commander in
determining the course of action for an air strike mission. This list of

general decision types is outlined below:
(1) Positioning forces

(a) Task force

(b) Aircraft striking forces
(2) Use of assets

(a) Task force assets

e Electronic warfare

e AAW, ASW, strike, support
(b) Aircraft assets

e Strike forces and weapons

e Offensive/defensive tradeoff
(3) Timing of events

(a) Contingency plans
(b) Duration of events

Similarly, a list of general factors that might affect these
decisions was obtained by adding to the original tentative list those
additional items that were identified during the probing of the three

11




STANDOFF, HIGH
ACCURACY BOMBING

“SMART WEAPONS," INTELLIGENCE ACCURATE
LOW AIRCRAFT ATTRITION,
HIGH WEAPON COST.

NORMAL “DUMB* BOMBING

INTELLIGENCE INACCURATE

BLUE DECISION ON IS INTELLIGENCE ACCURATE IN STATING
BOMBING STRATEGY THAT ENEMY HAS HIGH DEFENSIVE CAPABILITY

IN AAA AND SAMs?

FIGURE 3 SIMPLE DECISION STRUCTURE FOR A LOW-LEVEL TFC DECISION

representative situations. The list of the general factors affecting TFC

decisions in air strike missions is:

e Task Force composition.

Aircraft complement and capability (sortie rate,
combat radius payload).

e Weapons capability and delivery accuracy.

e Force mobility and endurance.
e Enemy offensive/defensive capabilities and deployment.
e Weather.
e Support factors:
- Intelligence
- Communications
- Logistics
- Interservice coordination

- Operational limitations

- Rules of engagement.

12
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€. Qutcome Calculator Function

The function of the OC, derived from the preceding material, becomes
clear in the decision-aiding system; should provide assistance in gener-
ating quantitative estimates of outcomes for investigating the various
alternatives associated with the decisions. Specifically, the OC must
provide outcomes associated with decisions regarding positioning of forces,
use of assets, and timing of events. The outcome calculator should also
provide assistance for estimating outcomes for contingency plans based on

weather conditions and threat actions.

The OC must accept as inputs the quantitative variables and param-
eters that are derived from the more qualitative decision structuring
process. These quantitative inputs, listed previously, will be referred
to as course of action (COA) inputs, However, certain other input data |3
are required also to compute outcomes (see Figure 4). These data are
called Background data and Scenario data. Background data are data which
are constant over a wide range of scenarios. Such data include own and
enemy force units, weapon system performance, availability, and effective-
ness characteristics (engagement data). Scenario data include data that
varies with the scenario being considered, such as own and enemy resources,
force concentrations, and environment, These data generally will be
available in a data base, but are subject to modification by the staff
experts., The COA data will always remain, however, the primary concern

to the decision-maker.

The output function of the OC was established by defining those bat-
tle results that would be of interest to a military commander estimating
a situation. This output must conform to a format that is compatible
with the inputs to a formal decision model in the decision-aiding system.
With these facts in mind, outputs for the OC were limited to the general

areas of:

(1) Mission accomplishment
(2) Battle attrition

The most important functional specification for the OC is that it
operate within the constraints of the decision-aiding system. A

13




uonuy e

sjuawysidwo0y
UOISSIN ®

S3IN0JLNO

1d3ON0OD HOLVYINDTVI IW0ILNO ¥ 3HNOIL

SNV1d dO HL1IM
JONVAHOIIVY NI
S171NS3Y ANV
@ SIN3IW3IOVON3
40 AHVWWANS
311lve

SNOILVY.LNdWNOD

SNV1d SdO

1V3HHL
H3IHLV3IM ONIWIL
S13SSv NOILISOd

‘SH3I13WVHVYd VYOO

viva
OIYVYN30S

¥

73A0W NOISID3a JIsvE

viva
aNNOYOMNIVE

3sva
viva
394V

14

e oo o 1

e




|
decision-aiding system may be described as a formal structuring of the i

decision cycle. i

This decision cycle is shown in Figure 5. It consists of the ten i
steps shown in the figure, This cycle may be formalized by a decision- |
aiding system with such improvements as rigorous problem structuring and
a machine-aidéd decision model. However, an efficient method of outcome
determination would be useful in the decision cycle, whether or not the
cycle functions in the content of a formal rigorous system. The struc- i
turing of alternative courses of action could be done in a heuristic man-
ner, and an outcome estimate still would in itself be useful as well as

provide a test of the acceptability of a chosen plan. g

The requirement that the OC must operate within the decision system
or decision cycle essentially means that the OC will accept as inputs the
problem structuring (alternative courses of action) results from the de-
cision analyst, and that the OC will provide outputs, to be assigned

utility values, that can be accommodated in a decision model.

D. Qutcome Calculator Constraints and Requirements

Several constraints and requirements for use of the OC within the
task force decision environment were identified in the initial research,
One constraint is that the OC must be capable of '"speaking' at the level
of detail of concern to the TFC. Thus, the OC must be capable of accepting
as inputs a description of a situation in terms rélevant to the task force
commander (e.g., weather, position, threat, timing, defenses), translating
this description into a set of variable values required for computing
battle outcomes, and then transforming the results into a description of
the outcome meaningful to the TFC. The specific set of variables with
which the TFC will interface with the outcome calculator have been defined
previously by structuring the set of miniscenarios that encompass the major

air defense/air strike warfare decisions.

A second constraint on the OC is that the number generating routines
incorporated intc the OC be as simple as possible, consistent with credible

results, It has been observed that a certain level of sophistication of
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a battle model is essential to achieve any degree of credibility. However,

as the level of sophistication rises, it becomes apparent that the level
of credibility, and hence reliability, decreases rapidly. The numerical

routines within the OC should be at a level of sophistication where results

are credible, yet the routines are transparent enough for an interested

TFC to understand the number generating procedures,

Another constraint for effective utilization of the OC is that it be i
an interactive package. The user should be able to sit at a console and
provide the required inputs upon being prompted by the computer. The user
should be able to view on the console the data presently being used by
the 0C, and selectively modify data elements. Such an interactive package
should be designed for an individual who has the following characteristics:

(1) 1Is highly intelligent
(2) Requires a large amount of information

(3) 1Is too busy for an extensive training course in system
usage

(4) Needs timely calculations
(5) Requires credible results.

The utility of the outcome calculator appears to degrade if the com-
puter time required to estimate an outcome for a course of action becomes
excessive, It is felt that the OC should be capable of providing an out-

come within a minute of computer (CPU) time.
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IITI CANDIDATE OUTCOME CALCULATORS

A. Introduction

After the relationship between the OC and the decision-aiding struc-
ture was specified and characterized, it became desirable to focus on
candidate systems that could meet the functions, requirements, and con- i
straints for an OC. In examining candidates, the OC was not treated
strictly as a number generator. It was treated as a package consisting
of the means by which a user can transorm descriptions of a sequence of
events and decisions into outcome estimates., This OC package consists F
of a number generator, a media for communicating inputs and outputs, and
the required interfaces with the user. Thus, in evaluating the alterna-~ ]
tive designs, the human element, including required operator training, l
skills, and capabilities, together with the number generator, was also

considered.

A preliminary screening reduced the potential alternatives to three, H

The three chosen approaches were examined in more detail; a discussion of i3

each is contained in this section. The three alternatives were:

(1) The 'Pencil, Paper, Pub method
(2) An off-the-shelf combat simulation

(3) A NWRC original design concept.

B. The Pencil, Paper, Pub Method

1 Description
The Pencil, Paper, Pub method has been used in the U.S. Fleet
for years. 1t is the classical part of planning used in the Commander's
Estimate of the Situation as shown in '"NAVAL OPERATIONAL PLANNING,
NWP11(B)." Actually, the estimate of own losses is the test of the plan
for "feasibility and acceptability." The remaining test for "suitability"
may include mission accomplishment which, in large, is an estimate of

enemy losses.
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The title "Pencil, Paper, Pub Method'" refers to the fact that '3
the staff officer usually makes these loss estimates for a given plan

with paper, pencil, and tactical publications., The officer collects data

as shown in Table 1, assigns probabilities of kills from tactical publi-

cations, and compiles the estimated losses for both sides either on a

Table 1 ' j

DATA FOR ESTIMATE OF SITUATION 1

A, Force Data g
1. Own Force Assets h

a. Sortie rates by type
b. Planned sorties for strike and defense

2 Enemy Force Assets

a. Attack and defense estimates by Intelligence
b. Sorties and sortie rates
Cs Aircraft and weapon capability

B. Engagement Data
1. Air to Air Exchange

a. Blue attrition from Red air intercepts

b. Red attrition from Blue CAP i
c. Blue CAP attrition from Red escorts i
d. Red interceptor attrition from Blue escort

2. SAM Effectiveness on Aircraft

a. Blue attrition from Red SAM batteries
b. Red attrition from Blue SAM ships

P

2 Air to Surface Effectiveness

a. Red damage from Blue attacks
b. Blue ship damage from Red attacks

C. Environment Data
L. Range of Strikes
2 Weather Effect
D. COA Data
1. Alternative COA's
2. "What If" Contingencies
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day-to-day basis or on an event-to-event basis. The elements of this

method, and any other method used to estimate battle losses, are essen-
tially data collection, engagement calculations, and course of action

alternatives,

Table 1 is an outline of this data collection, and is composed
of force data; engagement data, environment data, and COA data. These
data are needed whether or not the engagement calculations are done by
hand calculation or by another method. Engagement calculations (loss
estimates) should be made for each event, then cumulated for the day or
the days of the total effort. A decreased effectiveness should be con-
sidered for bad-weather operations. Additionally, calculations should
be made for each alternative course of action selected by the commander

or determined to be important by decision analysis.

In addition to the loss calculations, the methods of obtaining
the COA alternatives are a major consideration. In classical decision
analysis, theory outcomes must be calculated for each branch of a deci-
sion tree, A utility factor is attached to these outcomes and the tree
"folded back'" to the decision point to find the best decision (highest
expected utility or worth). Such a method was used in the "TFC Decision
Structuring Process'" report, referenced earlier. The base elements of
the decision tree for that problem are shown in Figure 6. Using this
method, it appeared at first glance, that a total of 1728 tree branches
was needed to compare the alternative courses of action with each possible
enemy capability in the ONRODA scenario. Fortunately, with further anal-
ysis, the number of branches was reduced to 288 outcome calculations,
which still represents a large computational effort. Table 2 shows the
magnitude of the effort required to provide the outcome estimation func- -
tion, and Appendix B shows the supporting calculations for a subset of

the alternatives.

Zs Analysis

The pencil and paper process of the estimation of military out-

comes for the subject report required about three days' work for an
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Table 2

Aircraft
Lost in
Red Orange g Action
Blue Preemptive Preemptive Blue Red Orange (atircraft

A/s H,T,N RT A/S Yes Yes 36.20
A/s H,T,N RT A/S Yes No *
A/s H,T,N RT A/S No Yes 36.20
A/s H,T,N RT A/S No No 36.20
A/s H,T,N RT B Yes Yes 0.00
A/S H,T,N RT B Yes No *
A/s H,T,N RT B No Yes 0.00
A/s H,T,N RT B No No 0.00
A/s H,T,N RT N Yes Yes 0.00
A/s H,T,N RT N Yes No *
A/S H,T,N RT N No Yes 0.00
A/S H,T,N RT N No No 0.00
A/S H,T,N R A/s Yes Yes 36.20
A/S H,T,N R A/s Yes No *
A/S H,T,N R A/s No Yes 36.20
A/S H,T,N R A/s No No 36.20
A/S H,T,N R B Yes Yes 0.00
A/S H,T,N R B Yes No *
A/s H,T,N R B No Yes 0.00
A/S H,T,N R B No No 0.00
A/s H,T,N R N Yes Yes 0.00
A/S H,T,N R N Yes No *
A/s H,T,N R N No Yes 0.00
A/s H,T,N R N No No 0.00
A/s H,T,N T A/s Yes Yes 21.80
A/S H,T,N L 2 A/s Yes No *
A/s H,T,N | A/s No Yes 21.80
A/S H,T,N T A/s No No 21.80
A/S H,T,N p - B Yes Yes 0.00
A/s H,T,N T B Yes No *
A/S H,T,N T B No Yes 0.00
A/S H,T,N T B No No 0.00
A/S H,T,N 41 N Yes Yes 0.00
A/S H,T,N T N Yes No *
A/S H,T,N T N No Yes 0.00
A/S H,T,N y 7 N No No 0.00
A/s H,T,N N A/S Yes Yes 21.80
A/s H,T,N N A/S Yes No *
A/S H,T,N N A/s No Yes 21.80
A/S H,T,N N A/s No No 21.80
A/s H,T,N N B Yes Yes 0.00
A/s H,T,N N B Yes No *
A/s H,T,N N B No Yes 0.00
A/s H,T,N N B No No 0.00
A/s H,T,N N N Yes Yes 0.00
A/s H,T,N N N Yes No *
A/s H,T,N N N No Yes 0.00
A/S H,T,N N N No No 0.00
B H,T,N RT A/S Yes Yes 55.70
B H,T,N RT A/S Yes No *
B H,T,N RT A/S No Yes 55.70
B H,T,N RT A/S No No 55.70
B H,T,N RT B Yes Yes 16.20
B H,T,N RT B Yes No *
B H,T,N RT B No Yes 16.20
B H,T,N RT B No No 27.60
B H,T,N RT N Yes Yes 0.00
B H,T,N RT N Yes No *
25

ONRODA EXPECTED MILITARY OUTCOMES

Aircraft
Lost in
Reaction
(aircraft

18.00
*
18.00
0.00
37.20

Plan Action Action Actfon Attack Attack equivalents) equivalents) equivalents) (X103!

Ships
Lost in

Reaction Possible

(ship Sorties
5.50 6.20
* e
2.75 6.20
0.00 6.20
20.80 6.80
* Y
10.40 6.80
9.99 16.50
5.50 20.70
* *
2,75 20.70
0.00 20.70
5.50 6.20
* *
2.75 6.20
0.00 6.20
20.80 6.80
* *
10.40 6.80
0.00 16.50
5.50 20.70
* *
2.75 20.70
0.00 20.70
5.50 3.75
* *
2.75 3.75
0.00 3.75
11.80 4.30
* *
5.90 4.30
0.00 11.30
5.50 15.10
* *
2.75 15.10
0.00 15.10
5.50 3.75
* *
2.75 3.75
0.00 3.75
11.80 4.30
* *
5.90 4,30
0.00 11.30
5.50 15.10
* *
2.75 15.10
0.00 15.10
5.50 6.80
* *
2.75 6.80
0.00 6.80
20.80 5.76
- *
10.40 5.76
0.00 15.00
5.50 20.70
- *

- - s




Table 2 (Concluded)

Alrcrafe Alrcraft Ships
Lost in Lost in Lost in
Red Orange Action Reaction Reaction Possible
Blue Preemptive Preemptive Blue Red Orange  (aircraft (aircraft (ship Sorties
Plan Action Action Action Attack Attack equivalents) equivalents) equivalents) gxw’)
B H,T,N RT N No Yes 0.00 18.00 2.75 20.70
B H,T,N RT N No No 0.00 0.00 0.00 20.70
B H,T,N R A/s Yes Yes 55.70 18.00 5.50 6.80
B H,T,N R A/S Yes No * * * *
B H,T,N R A/S No Yes 55.70 18.00 2.75 6.80
B H,T,N R A/S No No 55.70 0.00 0.00 6.80
B H,T,N R B Yes Yes 16.20 27.60 20.80 5.76
B H,T,N R B Yes No * * % *
B H,T,N R B No Yes 16.20 27.60 10.40 5.76
B H,T,N R B No No 27.60 0.00 0.00 15.00
B H,T,N R N Yes Yes 0.00 18.00 5.50 20.70
B H,T,N R N Yes No * * * *
B H,T,N R N No Yes 0.00 18.00 2.75 20.70
B H,T,N R N No No 0.00 0.00 0.00 20.70
B H,T,N T A/S Yes Yes 35.30 18.00 5.50 2.27
B H,T,N T A/S Yes No * * * *
B H,T,N T A/S No Yes 35.30 18.00 2.75 2.27
B H,T,N T A/S No No 35.30 0.00 0.00 2.27
B H,T,N T B Yes Yes 10.80 18.00 11.80 3.24
B H,T,N T B Yes No * * * *
B H,T,N T B No Yes 10.80 18.00 5.90 3.24
B H,T,N T B No No 18.00 0.00 0.00 9.70
B H,T,N T N Yes Yes 0.00 18.00 5.50 15.10 =
B H,T,N T N Yes No * * * *
B H,T,N 4 N No Yes 0.00 18.00 2.75 15.10
B H,T,N T N No No 0.00 0.00 0.00 15.10
B H,T,N N A/S Yes Yes 35.30 18.00 5.50 2:27
B H,T,N N A/S Yes No * * * *
B H,T,N N A/S No Yes 35.30 18.00 2.75 2,27
B H,T,N N A/s No No 35.30 0.00 0.00 2.27
B H,T,N N B Yes Yes 10.80 18.00 11.80 3.24
B H,T,N N B Yes No * * * *
B H,T,N N B No Yes 10.80 18.00 5.90 3.24
B H,T,N N B No No 18.00 0.00 0.00 9.70
B H,T,N N N Yes Yes 0.00 18.00 5.50 15.10
B H,T,N N N Yes No * * * *
B H,T,N N N No Yes 0.00 18.00 2.75 15.10
B H,T,N N N No No 0.00 0.00 0.00 15.10
Notes:
A/S = Air strike
H = Humanitarian action
b ¢ = Threaten
M = No action
RT = Reinforce and threaten
B = Blockade
*

Denotes an event whose probability of occurrence was assessed as zero.

26




experienced operations analyst at first attempt. There is no doubt that
this time could be improved upon with continued use, but the scope of
the calculations and data required appears particularly applicable to

automated methods.

After using the Pencil and Paper Method to compute outcomes
for the decision analysis uses (the report "TFC DECISION STRUCTURING
PROCESS"), the following conclusions became apparent:

e When outcomes are required for many alternative COAs (tree

branch ends or heuristic origin), hand calculations are
slow and error-prone.

e Numerous data changes are necessary when examining different
tree branch end points, with associated extensive recalcula-
tions.

e The effectiveness and attrition analysis in the engagement
data is based on "one on one'" encounter statistics and the
synergistic effect of other factors is missing.

C. Off-the-Shelf Combat Simulations

1. Description

The research team reviewed the possible off-the-shelf combat
models that might serve directly or in adapted mode as an OC. This ef-
fort began with a search through the model catalogs listed in References
4 through 6. Personnel contacts with modeling agencies identified during
the literature search were then made. Referenres 7 through 14 document
model descriptions or studies, which rely upon modeling methodology,
that appeared applicable to the current research. Appendix C presents
brief descriptions of the models considered to have the most potential

in meeting the function of an OC in the area of Naval strike warfare,.

2. Analysis

In the final analysis, none of the studied models were able to
sufficiently meet the OC requirements. One stood out above the others,
however, and was considered further. It is called C-BASE I1’ and will be
discussed in more detail later in this report. Two examples of other
models will be cited to show why some of the models were dismissed from

further study.
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The first model is called CFOAM.'? This model simulates tacti-

cal strike air warfare (aircraft, ASM, and SSM) and air defense against
such strikes. The opposing forces have wide discretion in the representa- ¥
tion of offensive and defensive actions (land and sea). This flexibility

requires a high level of detail to represent and evaluate equipment and 4

doctrinal effects. Unfortunately, this discretion and flexibility re- 4
quire inputs at a level of detail that is highly technical. Massive

amounts of input data by a highly trained user are required., Also, the b
computer model requires large amounts of computer resource (500k words i
of working core), which casts doubts about its utility in a task force I

decision environment. F

The second model is called AIRCAM;'® this one does not render
enough breadth to the naval air strike planning area. AIRCAM simulates
the flight by flight penetration of a defended environment. Although f
sufficient detail is provided to the specific area of an offensive strike, i

|
b

no treatment is given to such important areas as timing of the strikes,

air defense, and the general interaction of competing forces.

The model thought to most closely meet the requirements of an
OC is the previously mentioned C-BASE II. The SRI study team consulted
with C-BASE II authors, and a copy of the computér program was obtained
for analysis at SRI. The model is described in Appendix C, and a few of
its input categories are described in Table 3. The reader can immediately
sense that the model deals in almost all of the areas that concern Naval
strike warfare. It has an interactive capability which enables a user to
examine alternatives in a quick and efficient manner, and it has the ad-

ditional advantage of requiring small amounts of computer time to run.

Unfortunately, the model suffers from a degree of structural
rigidity and excessive detail in its input requirements. Consequently, it
cannot reflect enough flexibility in simulating an operations plan replete
with contingencies. Additionally, its level of detail is not symmetrical
because it treats friendly forces with more detail than enemy forces.
These comments are not made critically, because it is understood that

C-BASE II was originally designed to measure the relative effectiveness of
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different mixes of carrier aircraft. It never was intended to provide

specific outcome estimates.

Some discussion of the C-BASE II drawbacks as an OC follow.
First, it has no provision for changing weather throughout an engagement,
and weather was identified as a key decision variable that forces changes 4
to specified operation plans, Second, the ability to initially plan and Vi
subsequently change strike operations is limited and to a large extent ;j
not visible to a user. Each aircraft is given relative effectiveness

factors such as:

e Fighter loaded as an escort fighter "
e Fighter loaded as a fighter/bomber _—

e Bomber loaded as a bomber

e Bomber loaded as a fighter/bomber.

These factors are used in a fixed linear programming routine
for strike aircraft role assignment. The objective function used in the
linear program to maximize strike group effectiveness is certainly open

to debate and allows a TFC little planning recourse.

Third, detailed probabilities and effectiveness data are re-
quired for each aircraft, as it relates to enemy aircraft, for computing
air-to-air attrition. The following inputs indicate what this data is
like; I denotes a task force aircraft and K, an anemy interceptor air-

craft:

e Probability, p, that a task force escort fighter I
makes all its attacks first in an air-to-air engage-
ment with an enemy interceptor K. (q =1 - p is the
probability that the enemy attacks first. The number
of attacks made by the escort fighter is assumed to
be a random variable whose probability distribution
is the binomial distribution with parameter = prob-
ability of detecting and converting on target inter-
ceptor K by escort fighter I.).

e Maximum number of attacks by a task force escort
fighter I when attacking enemy interceptor K,

e Maximum number of attacks by an enemy interceptor K
when attacking task force escort fighter I.
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e Maximum number of attacks by an enemy interceptor K
when attacking task force attack aircraft I.

e (Probability of detecting and converting on a target
enemy interceptor K by an escort fighter I) x [Prob-
ability of kill of a target interceptor K when
attacked (i.e., given detection and conversion) by a
task force escort fighter I].

e (Probability of detecting and converting on a target
task force escort fighter I by an enemy interceptor
K) x [Probability of kill of a target escort fighter
when attacked (i.e., given detection and conversion)
by an enemy interceptor K].

e (Probability of detecting and converting on a target

task force attack aircraft I by an enemy interecptor

K) x [Probability of kill of a target attack aircraft I
when attacked (i.e., given detection and conversion) by
an enemy interceptor K].

These types of data are subjected to a series of model computa-
tions, once again fixed and unseen by the TFC, for computing air-to-air
attrition. Trying to model aerial combat in this detailed fashion,
indeed in any fixed fashion, would appear unwise to a potential decision-

maker,

D. The NWRC Strike Outcome Calculator (SOC)

1. Description

Since the paper, pencil, and pub, as well as off-the-shelf
combat simulation methodologies appeared to fall short of the OC require-
ments (identified in the initial phase of the research), the Naval Warfare
Research Center (NWRC) set out to design its own OC, specifically designed
to meet the desired OC specifications. It is named the Strike Outcome
Calculator (SOC). SOC is tailor-made for use as a component of a Naval
task force decision-aiding system. In addition, SOC is a decision-aid in
its own right and can be used independent of any structured decision

problem solving methodology.

SOC is a decision aid that enables a TFC quickly and easily to
estimate battle outcomes associated with alternative courses of action.
SOC consists not only of a computational algorithm, but of an interactive

medium to facilitate both the description of alternative courses of action
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and the display of the associated battle outcomes. It is envisioned that
a decision aid such as SOC would be useful in decisions concerned with
long-range planning, contingency planning, and short range tactical ex-

ecution.

The overall SOC concept is illustrated in Figure 7. As indi-
cated in this figure, the major parameters which enter into the choice
among alternative courses of action are timing, use of assets, force
position, threat action, and weather, A TFC generally describes a pos-
sible COA by prescribing values of these parameters in aggregate, often
qualitative, terms. The emphasis in developing SOC was in providing the
TFC with the flexibility to describe easily the alternative COAs in a
wide range of values of these parameters, and yet maintaining a level of

detail consistent with the needs of the TFC.

As shown in Figure 7, the SOC system contains three major com-
ponents: the communicator/translator, the aggregate SOC data base, and
the computational algorithm. The communicator/translator is the man-
machine interface between the decision-maker and the computational algo-
rithm and data base. The translator is a person who knows the decision
problem well enough to be able to translate aggregate qualitative de-
scriptions. The communicator is an interactive hardware/software system
that permits the translator to communicate easily the description of the
COAs to the computer and to obtain the desired outcome estimates. The
communicator has been designed to enable the TFC to proceed through a
series of alternative COAs efficiently., The communicator/translator
facilitates the use of SOC as a component of an overall decision-aiding
system for evaluating a set of alternative courses of action identified
within a decision structuring component as well as for answering 'what

if" questions and planning for contingencies,

A second major component of SOC is the aggregate data base.
This data base contains data of three types: background, scenario, and
course of action data. All data in the SOC are at a level of aggregation
consistent with that used by the TFC. The aggregate data base facilitates
the translation of descriptions of the situations and alternative decisions

into quantitative terms.
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FIGURE 7 STRIKE OUTCOME CALCULATOR CONCEPT
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Background data are generally constant over a wide range of
scenarios. Such data include own and enemy force capability data (e.g.,
weapon system performance, availability, and effectiveness characteris-
tics). Scenario data vary with the scenario under consideration, such as
own and enemy resources, force concentration, and environment. COA data
include the timing, use of assets, force position, weather, and threat

action data which describe a particular course of action,

Background data are generated by aggregating detailed weapon
system performance and operations data to the level required by SOC.
Currently, this force aggregation process is a manual procedure, although
an automated procedure could be developed. Similarly, development of
scenario data involves a manual procedure of scenario definition in which
more detailed operational and intelligence data are used to obtain the

aggregate data fcr SOC.

In general, background and scenario data will be preloaded into
the aggregate SOC data base. For various decision problems, the TFC will
provide COA data by means of the communicator/translator and receive out-
come estimates. The battle results will be generated by the computational
algorithm using the current background, scenario, and COA data in the data
base. A series of alternatives will be investigated by modifying the COA
data to move from one alternative to another. However, the communicator
wiil provide the user with direct access to all the data in the aggregate

data base and the capability to display and modify all data.

The computational algorithm uses the data in the aggregate data
base to compute battle results. The computations are made at the aggre-
gate level of the data in a straightforward manner. The algorithm is
transparent enough for an interested TFC to understand the number gener-
ating routines. The relative simplicity of the algorithm does not imply
a lack of credibility., The algorithm is consistent with the level of
detail of the data, and therefore, the integrity of the overall system is
maintained, The absence of internal assumptions, so common in more de-
tailed algorithms, tends to enhance the credibility of the SOC algorithm,
In essence, the SOC computational algorithm provides a consistent, under-

standable, automated means of transforming a course of action as described
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by the TFC in terms of the data into the implications of the action in !

terms of attrition and battle accomplishment results, i

The data is structured to a degree that permits model credit-

ability without overburdening detail. In most battle simulations, as the

inputs become more numerous or detailed (with a resultant increase in
model sophistication), the user cannot rapidly and easily see the under-
lying numerical routines, which reduces the user's ability to relate the i
causal effects of the input to the output, The aggregated data of SOC

allows the user to avoid a loss of confidence associated with more de-

tailed data inputs which are sutjected to hidden and nonflexible assump-

tions, doctrines, and numerical techniques within the model., Additionally, L
with SOC, a user can take advantage of personal judgment and experience to

the extent necessary or desired.

Further details regarding SOC are provided in the following
sections. First, the inputs and outputs of SOC are described in detail |
Such a description is valuable for communicating the level of detail at
which SOC operates and the flexibility within the system for describing
various scenarios and courses of action. Next, the man-machine inter- |
action of the system is described. Finally, a general description of the '

battle logic embodied in the strike outcome calculator is provided. ]

~me e

2. Inputs and Qutputs

The input data to SOC falls into three categories: background,

scenario, and COA. 1In this section, the specific input data required of
each of these three types will be discussed. All data are input to the
system in tabular form. The tables presented in this report as exhibits
are the forms which must be filled out to provide data to the system.
The outputs of the system, i.e., outcome results, are also provided in

tabular form. These are also discussed in this section.

a. Background Data

Certain data required by SOC will remain generally fixed

over a wide range of scenarios and decision problems. Such data are ‘
|
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called background data. Although background data are accessible to the

user for display and modification, it is expected that the data will be
modified infrequently.

In the SOC concept, the friendly (Blue) and enemy (Red)
forces are assumed to be composed of generic force elements, As shown
in Exhibit 1 the Blue forces are composed of six elements: attack air-
craft (ATTACK), all-weather attack aircraft (AW-ATTACK), low-performance
fighter (VF-LO), high performance fighter (VF-HIL), carrier (CV), and sup-
port ship. Red forces are composed of eight elements: low performance
attack aircraft (BOMBER-LO), high performance attack aircraft (BOMBER-HI),
fighter-bomber (VBF), interceptor fighter (VFI), surface-to-surface mis-
sile ship (SSM-SHIP), airbase, surface-to-air missile site (SAM-SITE),
and supply line. Each of these elements are given a class designation:
OA, DA, 0S, DS, and LS denote offensive air, defensive air, offensive
surface, defensive surface, and logistics support, respectively. The
significance of the class of the element will be discussed latex. The
representative example of each element shown in Exhibit 1 is user speci-
fied as a reminder that performance and operational data, input subse-

quently for an element, is representative of a specific weapon system.

In performing offensive or defensive missions, certain
combinations of the force elements are used. In the SOC concept, the
user can define a variety of force units, that is, structural units to be
utilized in performing missions. The magnitude of an action may be varied

by assigning more than one unit to a mission.

Exhibit 2 shows a sample definition of Blue force units,
Three major types of offensive units are chosen. ALPHA units are used
to attack enemy air assets, WAS are used to attack enemy surface ships,
and CAS units are used for close-air-support and interdiction missions,
Defensive force units include fighter combat air patrol (VFCAP), surface
combat air patrol (SUCAP), and deck launched interceptor (DLI) units,
Several force units of a given type may be defined by designating unit
subtypes.
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For each Blue unit defined, the numbers of attack, all-
weather attack, low and high performance fighter, and suppression aircraft®
must be specified. 1In addition, several characteristics must be assigned
each unit. These include the maximum range of the unit (LONG or SHORT),
the long-range default force unit (i.e., the force unit that is to re-
place it in the event that its maximum range is '"'SHORT'" and it is assigned
a long-range mission), the worst weather conditions (GOOD or BAD) in which
it can perform, the bad weather default unit (i.e., the force unit that is
to replace it in the event that the worst weather conditions in which it
can perform is GOOD and it is assigned a mission in BAD weather), maximum
range at which it can be detected by the enemy, and the speed at which the
unit operates, The default units differ only in subtype from the original
unit. No default unit need be specified., If no range is specified, LONG

is assumed. If no worst weather is specified, BAD is assumed.

Exhibit 3 shows a sample definition of Red force units.
The types of Red units include anti-ship missile (ASM), freefall bombing
(FREE), fighter-bomber attack (VBF), surface-to-surface missile (SSM),
and strip launched interceptor (SLI) units. Each unit is composed of
various numbers of low and high performance bombers, fighter bombers,
interceptor fighters, and SSM ships. One unit cannot contain both SSM
ships and other elements. As in the case for Blue units, each of the Red

units is assigned several characteristics.

Having defined the force units, one must specify the battle
engagement statistics which provide the basis for determining Blue and Red
losses in combat. The engagement statistics for Blue attacking Red are
shown in Exhibit 4, and for Red attacking Blue in Exhibit 5. As seen from
these exhibits, the engagement statistics are fairly aggregate measures of
the battle effectiveness of the force units previously defined. One of
these measures is the number of attacking force units that can be killed
by air-to-air and surface-to-air means per defensive element of the force

under attack. A second set of statistics gives the number of the defending

*
Suppression aircraft are assumed to be specially-configured all-weather
attack aircraft.
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fighters that can be killed air-to-air per unit of attacking force. The
third set of statistics gives the number of the defending force elements
that can be killed surface-to-air, per unit of attacking force that pene-

trates the defenses.

In specifying the effectiveness of an attacking force unit,
the synergistic effects of the various assets in the unit (e.g., attack,
fighter, and suppression aircraft) should be considered. The importance
of such synergistic effects as well as the insertion of user judgment was

a primary factor in the decision to treat force assets in terms of units.

The next type of background data required is weapon plat-
form availability statistics. This form for the data is shown in Ex-
hibit 6. For each of the force elements which make up force units, a
normal and surge sortie rate and a refuel-rearm time must be specified.
The normal sortie rate for a weapon platform is the average number of
sorties that can be mounted per day on a sustained basis (usually thirty
days). The surge sortie rate is the maximum number of sorties that can
be mounted in a 24-hour period. The refuel-rearm time is the minimum
time before a weapon platform returning from a mission can be ready to
depart on another mission. In the computational algorithm, the battle
is simulated in three-hour increments. Thus, the refuel-rearm time is

specified in terms of the number of three-hour time periods.

The last of the background data is the operations and dam-
age repair capabilities of the Blue carrier and Red airbase elements.
The form of this data is shown in Exhibit 7. For various damage levels,
the maximum number of operations per three-hour period and the maximum
damage repair capability per period must be specified per element of Blue
CV and Red airbase.

As an example of a rationale for determining the maximum
number of operations for an undamaged Blue carrier, suppose a launch takes
one minute and a recovery two minutes, on the average. Then, over a time

period (180 minutes), one could specify the maximum number of operations
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Exhibit 6

WEAPON PLATFORM AVAILABILITY

FORCE
ELEMENT

NORMAL
SORTIE RATE

SURGE
SORTIE RATE

REFUEL
REARM TiME

ATTACK
AW-ATTACK
VF-LO
VF-HI

——

VA-LO
VA-HI
VBF

VF1
SSM_SHIP
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to be 180, with a launch consuming one operation and a recovery consuming

two operations.*

This concludes the background data inputs. These data are
generally derived by aggregating more detailed data found in Navy data
bases and publications. The present aggregation procedure is manual;
however, an automated procedure could be devised for future use. As seen
from the above description, these data are fairly static, depending on

specific weapon systems and operating doctrine.

b. Scenario Data

A concept employed in defining scenario data is that of
force complexes. Force complexes are groupings of Blue or Red force
elements. The forms for the data used to define complexes are shown in
Exhibits 8 and 9. As seen from these exhibits, a complex is defined by
specifying the numbers of the various force elements associated with it,
Resources for the defense of a complex are assumed to be drawn from the
elements assigned to it. Similarly, resources for offensive actions are
assumed to be drawn from the elements of a particular complex, with an-

other complex being the target of the action.

In addition to physical location, one may define more than
one Blue or Red complexes for a number of reasons. For example, Red or
Blue may be composed of several allies who may act independently, or sev-
eral groups of force elements may initiate or be the targets of attacks,
independent of each other. For the purpose of illustration, assume that
a Blue carrier task force undertakes a mission to interdict enemy supply
lines. Assume also that there is an airfield in the vicinity of the in-
terdiction targets. As shown in Exhibits 8 and 9, three complexes might
be defined in this case. The sole Blue complex, called CTFORC, is com-
posed of the assets in the carrier task force. The Red complexes, named

AIRFLD and SUPLIN, are composed of the assets at the Red airfield and on

*
The numbers of operations per launch and per recovery are part of the
scenario data inputs.
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the Red supply lines, respectively. The user is free to name the com-

plexes as he wishes.

In addition to the numbers of elements at a complex, sev-
eral characteristics must be specified. These include the time between
successive SLI or DLI launches at the complex, the surveillance range
factor (i.e., the fraction of the maximum detection range* of incoming
enemy forces expected at the complex), and the fraction of the sheltered
aircraft assigned to the complex (i.e., not subject to air-to-surface
attrition by enemy raids). If the complex operates in a replenishment
cycle (such as a carrier), the length of the cycle (in days) is specified,
as well as the number of days of the cycle during which replenishment is
being conducted. Also, the maximum percentage of normal operations that
can be conducted during replenishment is specified. Further, as shown
in Exhibit 8, operations during replenishment can be restricted to defen-
sive operations only by including a '"D" with the percentage of normal

operations.

In addition to the complex definition, scenario data in-
clude several miscellaneous inputs. These inputs, which are shown in

Exhibit 10, are self explanatory.

€. COA Data

The course of action data are expected to be of major comn-
cern to the user in solving specific decision problems. These data pro-
vide the flexibility for describing various courses of action such as

timing, use of assets, force position, weather, and threat action.

The timing, use of assets, and threat action are specified
via the Blue and Red operations plan tables, shown in Exhibits 11 and 12.
In the operations plan table, each offensive and defensive mission is de-
fined by specifying a mission name, priority, origin complex, target com-
plex, start, stop, mission times, type of unit, desired number of units,

minimum number of units, and number of ready units.

*
The maximum detection ranges were specified for each force unit in the
background data (Exhibits 2 and 3).
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The mission name is arbitrarily assigned to identify each !
mission. The priority of the mission indicates the preferred order for |
assigning assets to perform missions, with priority 1 missions being al-
located resources first. The origin complex is the name of the complex

from which resource to perform the mission are to be drawn. The target

complex is the name of the complex which is the target of an offensive i
strike mission. Defensive missions, except for those using SUCAP units,
have no target complex. The complexes named as the origin and target

complexes must be defined in the scenario data.

The start and stop times for a mission can be specified in {
several ways. One way is to enter DAY, then the number of the day in the
battle when the subject mission is to be initiated or terminated. A
second way is to enter END, then the name of a previous mission. In this
case, for start times, the subject mission will begin the day after the r
previous mission terminates. When used as a stop time the subject mis-
sion will be terminated the day the previous mission is terminated. A d
third way of designating start and stop times is to enter DOA, DDA, DOS, ﬂ
DDS, or DLS (meaning destroy offensive air, destroy defensive air, destroy ‘

offensive surface, destroy defensive surface, or destroy logistics support,*

b~

respectively); and then enter the level of destruction of the associated

T

elements at the target complex desired before the mission is to be initiated

or terminated., For example, the DDA 50 stop time for mission HITAB in

e,

Exhibit 11 means that mission HITAB is to be terminated when 50% of the
defensive air elements (i.e., fighter bombers and interceptor fighters) at E
the target complex, AIRFLD, have been destroyed. A blank entry for a stop

time indicates that the mission is to be continued indefinitely. ™

For computing battle results, the day is divided into eight, |
three-hour time periods. For the mission times, the user specifies time
periods for each mission to be performed. The type of unit that is to per-
form each mission must also be specified by name. Enemy force unit names
must have been defined in the background data. The desired units indicate

the number of units the user wants to have assigned at each repetition of

*
See Exhibit 1 for the classes assigned to the various elements.
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the mission. The minimum number of units designates the smallest number |
of force units to be assigned at each repetition of the mission, in the ‘
event that there are insufficient resources to assign the desired number
of units. Ready units are specified if aircraft are to be saved for use

to relieve engaged defensive units.

COA data that indicate force position and weather parameters H
are provided in tables of the form shown in Exhibits 13 and 14, respec-
tively. The relative position (LONG or SHORT) between each pair of Red
and Blue complexes must be specified. If no relative position is speci-
fied, LONG is assumed. The days of battle when weather changes occur

are also specified. The weather remains the same between days of change.

d. Results

Two types of battle outcomes are generated by SOC: mission
accomplishment results and battle attrition results. Blue and Red mission
accomplishment results are shown in Exhibits 15 and 16. These results
basically show the operations plans specified by the user, The start and
stop times, which became activated because of the termination of missions
or destruction of targets, are displayed by day of occurrence. The total
number of units requested for each mission during the battle are shown,
together with units actually engaged. Also, as in the case of mission
INTER, if a default unit is activated, the number of units requested and
engaged for the default unit is shown separately from the original type

of unit requested.

Blue and Red battle attrition results are shown in Ex-
hibits 17 and 18. For each complex, the number of elements of each type
attrited, together with the total number of elements assigned are shown.
The numbers of airbase and CV elements at a complex shown as lost do not

include those d:naged and subsequently repaired.

The results provided by SOC give a concise summary of the
implications of a particular course of action. The results indicate the
capability of the forces to carry out a given operations plan, provide
information on the time, and force availability, and give an indication

of the cost to both sides in terms of force losses,
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Exhibit 13

FORCE POSITION

NEE CTFORC
RED
AIRFLD LONG
SUPLIN LONG
Exhibit 14

DAYS OF WEATHER CHANGE

DAY 1

WEATHER | GOOD

BAD | GOOD
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X Man-Machine Interaction

The SOC data base is organized into 18 computer tables (pre-
viously shown as exhibits) listed in Table 4.

Table 4
STRIKE OUTCOME CALCULATOR (SOC) COMPUTER TABLES

Table SOC Data-Base Exhibit Title Type
1 BLUE AND RED FORCE ELEMENTS
: BLUE FORCE UNITS
3 RED FORCE UNITS
4 ENGAGEMENT STATISTICS, BLUE ATTACKING RED \ . .~ .
5 ENGAGEMENT STATISTICS, RED ATTACKING BLUE tha

1 6 WEAPON PLATFORM AVAILABILITY

7 OPERATIONS AND DAMAGE REPAIR CAPABILITIES
8 BLUE FORCE COMPLEXES e
9 RED FORCE COMPLEXES 53
10 MISCELLANEOUS INPUTS
11 BLUE OPERATIONS PLANS
12 RED OPERATIONS PLANS COA
13 RELATIVE FORCE POSITIONS Data
14 WEATHER DAYS
15 BLUE MISSION ACCOMPLISHMENT RESULTS S
16 RED MISSION ACCOMPLISHMENT RESULTS i
17 BLUE BATTLE ATTRITION RESULTS Outcgmes)
18 RED BATTLE ATTRITION RESULTS

The computer results tables 15 through 18 contain the computed outcomes

from the last execution of the computational algorithm.

Given a computer terminal with a CRT and a printer, the communi-
cator provides the user with the capability to display and modify all the
data in the data base, exercise the computational algorithm, and obtain
hard copy of any of the data and results, The communicator commands are
as follows:

(1) LOAD INPUT

(2) SAVE INPUT

(3) DISPLAY/INPUT TABLE

(4) PRINT TABLE
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(5) RUN

(6) STOP

(7) LIST TABLES
(8) EXPLAIN ABOVE FUNCTIONS. E

A typical session for using SOC will begin by turning on the »
console and following a standard procedure for getting on-line to the E
computer.* If the user wishes to refresh his memory, he might issue the ‘
EXPLAIN ABOVE FUNCTIONS command and receive on the console a brief de-
scription of the SOC communicator functions. The user might then ask for
a list of the aggregate data base computer tables by issuing the LIST L
TABLES command., If background, scenario, or COA data used in previous o
session are of interest, this data can be retrieved and placed in the ag-

gregate data base by issuing the LOAD INPUT command.

With the functions explained and with data from previous ses-
sions, the user is ready to evaluate the alternative courses of action ‘
associated with his decision problem. Any of the computer data tables
can be displayed and modified by the user by issuing the DISPLAY/INPUT
TABLE command. The user will generally be concerned with modifying the
four COA computer data tables. When the data properly describe a course !
of action that the user wants to evaluate, the RUN command is issued.

Upon executing this command, the computational algorithm computes the

battle results using the data in the first 14 computer tables of the ag-
gregate computer data base, and places the results in computer tables

15 through 18. Using the DISPLAY/INPUT TABLE command, the user can now

have the results displayed on the console. Printouts (hard copy) of any
of the data or results tables can be obtained using the PRINT TABLE com-

mand.

The user may evaluate a series of alternative courses of action

by sequentially modifying data tables, running the computational algorithm,

*SOC can also be exercised in a batch mode, although the interactive mode
described here is preferred. When the user modifies data, SOC performs
checks for various errors which may occur in the input. If such effors
occur, the uscr is alerted.
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and then displaying and/or printing the results, After all COAs have J
been evaluated, the user probably will issue the SAVE INPUT command. |
This will cause the current contents of the aggregate data base to be

transferred to a computer storage device for use at some future time, i

The STOP command terminates the session.

From this brief description of a sample SOC session, it can be

seen that the SOC interactive system is designed to be simple and fairly

self-explanatory. A user need not be well-versed in computer science. i

With minimal training, a new user should be able to use the system effi- {
ciently. E
. -

4, SOC Battle Logic

The logic embodied within the computational algorithm of SOC
is quite straightforward. The algorithm basically carries out the opera-
tions plans specified in the COA data, using the scenario and background
data for information on force composition, effectiveness, and availability.
The numerical computations are at the level of aggregation of the data in
the aggregate data base, Thus, credible estimates of battle outcomes at

the level of concern of the TFC are generated.

A macroflow chart of the SOC computational algorithm is shown
in Figure 8. Each day of the battle is simulated successively. The dy-
namics of the battle within a day are assumed to occur in eight 3-hour
time steps. At the beginning of each day a schedule is developed to re-
flect the Red and Blue missions that have been requested in each time
step of the day. This schedule is based on the operations plans provided
in the aggregate SOC data base, If the start time of a mission is later
than the present day of the battle or the stop time is earlier than the
present day of the battle, the mission is not scheduled. An offensive
mission whose origin complex is under replenishment during the current
day will not be scheduled if the user has indicated that only defensive
missions are to be performed during replenishment. Missions that are
given a priority zero in the operations plans will never be scheduled,

This characteristic was incorporated to provide the user the facility
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to easily activate and deactivate missions for testing alternative

courses of action,

If the weather is bad on the day of battle and the force unit
assigned to perform a mission cannot operate in bad weather, the mission
will be scheduled using the bad weather default force unit, if the bad
weather default force unit can operate at the range required. If no bad
weather default has been designated for the originally requested unit,
or if the user has chosen not to activate bad weather default options,
the mission will not be scheduled. If the range between the origin and
target complexes for a mission is LONG and that force unit requested to
fill the mission can operate only at SHORT range, the mission will be
scheduled using the long-range default unit specified for the original
force unit. If no long range default unit has been designated, or the
user has chosen not to activate long-range default options, or the de-
fault unit is not capable of operating in the current weather, the mis-

sion is not scheduled.

The schedule constructed with the constraints defined above is
taken to be the '"desired" mission schedule for the day. A running day-
to-day total of the numbers of units requested for each of the missions
in this desired schedule is maintained and provided in the mission accom-
plishment results tables (computer tables 15 and 16). The ready units
associated with scheduled missions are included in the tally of total

units requested.

The desired mission schedule is adjusted at the beginning of
each of the eight time steps in the day. Priority 1 and 2 missions that
were scheduled in the previous time step, but were not filled because of
insufficient resources, are rescheduled in the current time step, unless
the same mission has already been requested for the current time step.
However, unfilled missions in one day will not be rescheduled for suc-
ceeding days. Also, at the beginning of each time step, the availability
of resources to perform a mission is projected. Lower priority missions
in the current time step will be cancelled if it is projected that using
resources for such missions will result in insufficient resources for
accomplishing higher priority missions scheduled for a future time step

of the day. 61




The missions in the adjusted schedule are allocated resources
in the order of high to low priority, subject to the availability of re-
sources.* All resources for a mission are drawn from the origin complex.
If there are insufficient resources to fill a mission with the desired
number of force units, a lesser number of force units will be used, sub-
ject to the constraint that no fewer than the minimum number of units
specified for the mission in the operations plan will be used. A cumula-
tive total of the number of force units allocated to each mission, and
subsequently engaged, is maintained and provided in the mission accomplish-
ment results tables. Resources allocated to ready units are counted as

engaged units,

The computational algorithm keeps track of the resources avail-
able at each of the Red and Blue complexes. The number of live force
elements at each of the complexes is updated at the beginning of each
time step. This update includes the repairs accomplished on damaged Blue

carrier and Red airbase elements,

Resources to fill missions include aircraft (and SSM launchers)
as well as the capability (in terms of number of operations) of Blue
carriers and Red airbases to launch and recover aircraft, The aircraft
can be in various states of availability. One state is that of returning
from a mission with time of arrival in the current or some future time
step. Antoher is that of being on the surface, undergoing maintenance or

being refueled and rearmed.

When assigning aircraft to missions, only those aircraft that are
on-the-deck (or ground), ready to perform a mission are assumed available,
This constraint embodies several subordinate constraints., These include
that, on a given day, the surge sortie rate for a given type of aircraft
cannot be exceeded. The normal sortie rate can be exceeded only to fill
priority 1 and 2 missions. Over a 30-day period, the cumulative sortie
rate may not exceed that which would occur if the normal sortie rate were

maintained for thirty days. Also, an aircraft which is recovered after

*
Missions with the same priority are allocated resources in the order in
which they appear in the operations plan.

62

Y

e

T e 0

oo




performing a mission cannot be ready to fly another mission in less than
the number of time steps specified by the user as the refuel-rearm time
for the aircraft. A zero rearm-refuel time means that the returning air-
craft can be ready to perform another mission in the same time step in
which it is recovered. Additionally, the aircraft must not only be avail-
able, but the carrier or airbase from which it is to be launched must have
the capability to launch it. Thus, although there may be aircraft ready
to fly on a carrier, they may not be able to perform missions because of

excessive damage to the deck.

At the beginning of each time step, any aircraft returning
from missions in a previous time step are recovered, subject to the con-
straint on the numbers of operations available at the carrier or the air-
base. All the missions in the adjusted schedule for the current time
step, for which resources are available, are assumed to be launched simul-
taneously. The attrition results for each of the missions is then com-

puted.

The battle losses incurred when one side strikes the other are
computed using the engagement statistics provided in the SOC aggregate
data base. The aircraft or surface-to-surface missiles of an incoming
strike are subject to attrition by air and surface defenses before they
can }nflict air-to-surface damage. The defending units are those asso-

ciated with the target complex of the strike.

An incoming strike is first engaged by the airborne VF CAP at
the target complex. Then, the DLI or SLI engage the strike. Ready units
are used to refill the VF CAP and DLI or SLI positions vacated by the
engaging defenders. The refilled VF CAP are then used to attack the
incoming strike followed by the refilled DLI or SLI. This refilling and
attacking sequence continues. There are, however, constraints on the use
of the air defenders assigned to VF CAP, DLI, and SLI missions to attack
incoming strikes. First of all, no more air defenders are engaged than
necessary to completely annihilate an incoming raid. Secondly, based on
the range at which the incoming strike force is detected, the speed of
the incoming strike, the delay time until the first defender (on the deck
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or ground) can be launched, and the time between launches, a limit is
placed on the number of defenders that can be engaged with the strike

prior to its attack on the target complex.

The losses incurred by the incoming strike and the air defenders
during the air-to-air combat is based on the engagement statistics sup-
plied in computer tables 4 and 5. The losses are calculated assuming a
simultaneous exchange between the forces. These losses are assumed to
be a linear function of the number of force units in the strike and the

number of defenders engaging the strike.

After the air-to-air battle, any surface-to-air defensive ele-
ments are assumed to have a shot at the remaining attackers. Surface-to-
air capabilities may be specified by the user for carriers and support

ships of Blue and SAM-sites and supply lines for Red.

The portion of strike force that penetrates the defenses in-
flicts air-to-surface losses on the elements at the target complex. Only
a fraction of the parked aircraft that are not sheltered (as specified
by the user in the scenario data) is subject to attrition. The number of
parked aircraft of each type that is attrited is in proportion to the

ratio of parked aircraft of each type to the total parked aircraft.

There is some logic peculiar to a Red SSM attack. If an SSM
attack is imminent, the program assumes that any airborne SUCAP (asso-
ciated with the Blue complex to be attacked) attack the SSM-ships from
which the SSM attack is to be mounted. Only the portion of the ships
that survive this attack are assumed to launch their missiles. Ready
units associated with a SUCAP mission are launched and attack the remain-
ing SSM-ships after the ship's missiles have been launched. All attacking
SUCAP are subject to attrition by any air-to-air and surface-to-air de-
fenses associated with the force complex to which the SSM-ships belong.
The missiles launched are subject to air-to-air and surface-to-air attri-
tion by the defenses of the Blue complex under attack. The sequencing of
the engagements of the SUCAP and SSM missiles with air and ground defenses
and the air-to-surface attacks are treated as previously described for

offensive strikes.




The aircraft, both defensive and offensive, that survive are ' }
scheduled to land either in the current time step or some future time
step. The scheduled landing at the home complex is based on the user-
specified mission-times LONG and SHORT missions.* VF CAP, DLI, and SLI
i are scheduled to land at the end of the time step in which they were
launched. Aircraft ready to land are recovered at the end of each time

step, subject to the constraint on the available operations at carriers |

and airbases.

All attrition computations are assumed to be linear functions

of the numbers of units of force elements engaging. The losses at each

of the force elements at each of the force complexes are computed and
used to maintain an updated inventory of Blue and Red assets. These re-
sults are needed to determine capability to perform future missions as

well as for presentation to the user in the battle results tables. ?

After the eighth time step of a day has been completed, a new ‘
day of battle is initiated. The destruction level of each class of force
elements at each of the force complexes is computed. These destruction %
levels are compared with the START and STOP criteria specified in the
operations plans, then missions are initiated or terminated as appropriate. l
Also, START and STOP times that depend on the completion of other missions
are checked and adjusted appropriately.f The weather for the new day is
computed, the new day's schedule is developed, and the battle is resumed ‘

in the first time of the new day as described previously.

The battle may be terminated by meeting any of three criteria.
The first is at the end of 30 days of battle, the second is at the end of
the number of days of battle specified by the user, and the third is when

Blue or Red has completed all of its offensive missions,

*
If aircraft are scheduled to land at the end of the time step in which
they are launched, the mission time is specified as zero time steps.

*Because START and STOP times of a mission can depend on prior battle
results, it may happen that the STOP criterion is met before the START
criterion. In such a case, the mission would never be performed.
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s SOC Examples

SOC was specifically designed to meet the identified require- 15
ments and specifications for a Naval strike OC. Much of the comment and
analysis regarding its utility has been presented in previous sections.
The SRI research team did go one step beyond this analysis however. It
formulated two experimental problems which required interactive data
changes. The hard copy computer printouts that support these additional %
experimental analyses are shown in Appendix D. The printouts show re- !

sulting SOC tables for certain example situations that investigate weather

and strike tactics changes. These two experiments support the flexibility
and utility that was so carefully designed into the SOC. |

The first experimental problem involved weather changes. Ex- .
hibits D-1 through D-14 show the initial data setup. Specifically,
Exhibit D-14 indicates the weather for the problem as being '"GOOD'" for
the entire initial problem. Exhibits D-15 through D-18 show the resul-
tant outputs. By interactively inserting '"BAD" under day 2, and ''GOOD"

under day 3, one day of poor weather is injected into the problem. Ex-

hibit D-19 shows these changes, and Exhibits D-20 to D-23 show the changed

results. Again, the weather table was entered and changed at the terminal A
as in Exhibit D-24. This change forced "BAD'" weather into the problem !

from day 2 on. The results from that change are shown in Exhibits D-25 to
D-28.

s A

In the Blue Mission Accomplishment Results for the three cases,
scheduled good weather strikes (ALPHA F, Exhibit D-11) default to all

e -

weather strikes (ALPHA H) as the weather worsens. The corresponding Blue
Battle Attrition results show an improving situation in increasing poorer
weather. These two notes are indicative of the types of information that 1
can be available to a TFC for outcome estimation and comparison, from

which he may make decisions.

The second problem the research team examined involved potential

tactical changes. During the above analysis, Blue losses were found to be

excessive, As a result, it was decided to change the planned strike tac-

tics. A hypothetical TFC was assumed to reason that the Red SLI were
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taking more attrition on the attack elements of the Blue strike units
than should be allowed. To correct this situation, the TFC decides to
implement his escort fighters as an '"ESCORT" unit, detaching them from
the ALPHA F unit., He plans for the ESCORT unit to engage the Red SLI
defense before the ALPHA F arrival, thus decreasing the attrition on
ALPHA F. To simulate this tactic requires a change in the following
computer tables:
. BLU? FORCE UNITS (Contrast Exhibit D-29 to Exhibit
D-2

e ENGAGEMENT STATISTICS FOR (Contrast Exhibit D-30 to
Exhibit D-4) BLUE ATTACKING RED

e BLUE OPERATIONS PLANS (Contrast Exhibit D-31 to
Exhibit D-11).

Every other input remains the same as in the original problem. The re-

sults are shown in Exhibits D-32 to D-35.
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! IV OUTCOME CALCULATOR ANALYSIS AND SUMMARY

A. Qutcome Calculator Appraisal by Test Subject

To obtain expert unbiased opinion on the role of an OC in the task
force decision environment, as well as compare OC alternatives presented
earlier in this report, a test subject, simulating a staff officer, was 1
indoctrinated in the use of each OC package. Rear Admiral A. H. Clancy, i
USN retired, of Los Altos, California was selected as the test subject. h

The indoctrination included a description of each system, the capabilities,
the types of inputs required, and the results generated. Also included
was a description of the simulated task force decision environment in the 1
ONRODA scenario. Emphasis was directed on the TFC's decision problems
for the task force during the four days of the ONRODA strikes. This

indoctrination process took eight hours.

After the indoctrination and a demonstration of the SOC, Admiral 3
Clancy submitted a paper with comparisons and comments on the OC concept. !
These comments are included as Appendix E to this report. In brief,

Admiral Clancy forecasts efforts in the Navy to reduce the size of staffs, t
with a subsequent requirement to replace that resource with automated a
I‘

procedures. He agreed that flexible automation is desired over inflexible

methods, but that older backup methods should not be abandoned. The

interactive ability to change data was judged a very important feature.
Other points of sophistication, training, and compatibility were com-
mented upon by the Admiral. In general, he appears to be in total agree-
ment with the following conclusions and recommendations. The conclusions

will serve to summarize the conducted research.

B. Conclusions

(1) The general decision types that confront a TFC with re-
gard to Naval strike warfare are:

b —
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e Positioning of forces
e Use of assets

e Planned timing of assets.

(2) The factors that effect the general decision types are:

e Task force composition

e Aircraft complement and capability

e Weapons capability and delivery accuracy

e Force mobility and endurance

e Weather

e Enemy offensive/defensive capabilities and deployment.

(3) Any strike OC used in the Fleet should satisfy the follow-
ing criteria:

e The OC must accept, as input, alternatives for each of
the general air strike decision types and assumptions
based on factors affecting those decisions.

e The OC must translate the broad level of detail used
by the TFC into sets of values and parameters that are
required for computing battle outcomes, and the OC
must allow the use of experience and judgment.

¢ The computational algorithm within the OC must be as
simple as possible, consistent with credible results,
allowing an interested TFC to understand the number
generating procedures.

¢ The OC must allow maximum flexibility and effective
communication with the user by means of an interactive
capability.

(4) The role of an OC is not diminished if a formal decision

structure, such as a decision tree, is not utilized by a

TFC. The need for an efficient method of outcome determi-

nation still exists for use in contingency planning.

(5) Of the OC candidates examined, the NWRC SOC appears most

qualified in meeting the criteria of conclusion 3.

Recommendations
(1) Currently, the SOC is a thoroughly studied research con-

cept, a first step towards implementing such a decision

aid in the Fleet. It is recommended that command reac-

tions be elicited and recorded with regard to the use of
SOC as a decision aid, for the purpose of eventually re-
designing the SOC to take into account identified Fleet

use improvements.




(2) It is recommended that a rational and consistent set of
algorithms and techniques be designed and implemented
for use by a TFC in aggregating raw performance data
into engagement statistics for the SOC.
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Appendix A

NAVAL AIR STRIKE BACKGROUND

1. Objectives

NWP-10 (B), NAVAL WARFARE, lists seven objectives for the Attack
Carrier Strike Force:
e Destroy enemy naval air and ground forces, enemy shipping
and other transport, and enemy industrial potential.
e Neutralize shore-based air power during a specific period.

e Interdict communications and transportation over a broad
area.

e (Carry out reconnaissance in force or support photographic
reconnaissance.

e Soften and isolate the amphibious objective area.
¢ Defend strategically deployed forces.

e Provide air cover for an amphibious operation, important
sea movement, lines of communication, airborne invasion,
etc.

2. Missions

Traditionally, naval air strike missions have been directed against
the following:

e Enemy air power and facilities (AntiAirWarfare--AAW)
e Enemy naval forces and shipping (War at Sea Strike--WAS)
e Close air support and interdiction targets (CAS).

These missions are also the essential strike objectives in the NWP-10 (B)
list if the general cover, defense, and reconnaissance missions are not

considered strikes.

i R RS R -
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AntiWarWarfare (AAW) or Counterair Operations

An aspect of the AAW mission of tactical aviation is to destroy or
neutralize enemy air operations. The AAW mission includes the elimina-
tion of enemy threats to friendly air operations by destroying enemy
aircraft air bases, AAA and SAM defense sites, and supporting systems
such as radars, control towers, etc. Tasks for the AAW mission include
non-GCI (ground controlled intercept) fighter sweeps in search of enemy
aircraft; raids on enemy air bases, defense sites, and supporting
systems; suppression of air defenses by use of ECM; and fighter escort

for other missions.

Naval Strikes (WAS)

Carrier aircraft are the Navy's principal weapon against sea targets.
Examples of these targets include (a) surface action groups such as SSM
guided-missile cruisers with destroyers or a Moskva or Kiev aircraft
platform with ité escorts and (b) single-ship targets such as surfaced
submarines, destroyer pickets, or intelligence-gathering ships. Utilizing
bombs, rockets, or tactical air-to-surface missiles (ASM), the tactical
aircraft have the mission of either sinking the target ships or rendering

them unable to continue operations.

Close Air Support and Interdiction (CAS)

CAS and interdiction missions are considered to be the same type of
strike because they are usually deployed in small units in low air threat
areas. These missions differ only in that CAS is accomplished in close
proximity to friendly forces and requires directed fire. Interdiction
operations include support of ground and air forces by attacking targets
in depth, relative to front lines, principally to disrupt and impede the

enemy logistic forces.

While close air support is focused totally on the requirement of the
ground commander, interdiction takes place along lines of communication
and lines of supply of the enemy. Interdiction is designed to destroy

and interrupt the flow of material and personnel to the enemy battlefield,

78

e

IR DRSNS W 7 - U SRS

e e

& PENSACES




and, in that sense, it generally requires an aircraft of a greater range
than the close air support aircraft (especially if operated from sea

bases).

3. Planning

The first step in raid development and planning is considering the
target/objective complex assigned by the task force commander. First,
the type of attack mission, type of target (materiel, personnel, fixed
structure, etc.), and weather will determine the nature of the ordnance
selected. The extent of the target and the estimated effectiveness of
the ordnance chosen will indicate the appropriate size of the strike
raid. The target areas defenses, weather, and terrain factors will
indicate the requirement for strike support aircraft in fighter escort,
ECM, pathfinder, laser designator, or command/control functions. The
raid size and the range to the target will determine the appropriate

numbers of refueling aircraft.

Once a carrier is on station with a strike mission, a daily air
plan is developed to describe the sequence of aircraft operations. The
strike and strike support sorties, combat air patrol (CAP) sorties, air-
borne early warning (AEW) sorties, and, if subject to a submarine threat,
ASW sorties must be provided in the air plan for the defense of the
carrier force. The air plan commonly calls either for cyclic opera-
tions with designated times between launch and recovery, or for major
strike operations. Allowing for the respotting of aircraft on the deck
between launch and recovery cycles, the air plan must indicate the avail-
ability of ready aircraft and aircrews, the time required to refuel and
rearm between sorties for an individual aircraft, and the fatigue factor
imposed upon flight operations personnel by prolonged flight quarters on

a regular basis.

Typical raids (see Table A-1) during normal cyclic operations involve
20 aircraft during each cycle. Of these 20 aircraft, 10 to 15 would
sually be attack aircraft, which typically would fly division-size (four

raft) missions. The remaining 5 to 10 aircraft would be operating
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Table A-1

TYPICAL RAID COMPOSITION

Raid Purposes Cyclic Operations Major Strikes

Strike 6 A-7s 12 A-6s and A-7s
4 A-6s

Flak suppression & 4 A-6s and F-4s
Rescue CAP 2 A-7s 2 A-7s
SAM suppression 1 A-6 4 A~6s
ECM 1 EA-6 or EKA-3 | 2 EA-6s or EKA-3s
MIGCAP (escort) 4 F-4s/F-14 6 F~4s/F-14
Refueling 1 KA-6D 2 KA-6Ds
Communication links| 1 E-2A 1 E~2A

individually or in small groups while flying support missions such as

AEW, CAP, photographic reconnaissance, refueling, and ECM. Small strike
raids can be conducted during CV cyclic operations. Typical raids of this
type from large-deck carriers during the Vietnam conflict were comprised

of the units listed in the first column of Table A-1.
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Appendix B

PROBLEM EXAMPLE FOR THE PENCIL, PAPER, PUB METHOD

A pencil, paper, pub example is shown best by using excerpts from
"TFC DECISION STRUCTURING PROCESS'" SRI/MSC-4030 report.* Table B-1 shows
the estimated military outcomes for a Blue air strike for three con-

tingency actions in the ONRODA scenario: no enemy attacks, Orange

attacks, and Red and Orange attack. Four enemy postures were selected
within each contingency: N--no action, R--reinforced force, T--threatening
forces, and RT--reinforced and threatening. The category of outcomes were
Blue aircraft losses during attack, Blue aircraft losses during defense,
Blue ship losses during defense, and potential Orange sorties to Grey.

The actual numbers that appear in Table B-1 under aircraft losses and

ship losses show a conversion into A-7 aircraft equivalents and DLG ship
equivalents in accordance with Table B-2. 1In this case, the equivalent
numbers in Table B-2 are fictitious, but they represent the cost effective

value of the weapon system to the TFC.

The computations for the losses and sortie potential of Table B-1
are shown in Table B-3. Table B-3 is divided into three sections. The
first section presents basic data for Blue and Orange aircraft, which are
used in the computations. These data are aircraft number, sortie rates,
effectiveness, and attrition data. The second section presents the re-
sults of a normal four-day strike action by Blue aircraft. The third
section presents the derivation of the numbers used in Table B-1; i.e.,

Cases I, II, and III each divided into four different ORANGE postures.

*
Reference 3 in the body of this report.




Table B-1

MILITARY OUTCOMES FOR BLUE AIRSTRIKE™

Blue Blue Potential
Orange Aircraft Aircraft Blue Ship Orange
Orange Preemptive Losses, Losses, Sorties
Posture Actiont Attack Defense To Grey
Case I--No Enemy Attacks
1 N 21.8 0 0 3750
2 R 45,8 0 0 6200
3 RT 45,8 0 0 6200
4 T 21.8 0 0 3750
Case 1I--Orange Attacks Blue Task Force
1 N 21.8 18 3750
2 R 45.8 18 6200
3 RT 45.8 18 6200
4 T 21.8 18 3750
Case III--Red and Orange Attack Blue Task Force
1 N 21.8 18 3750
2 R 45.8 18 6200
3 RT 45.8 18 6200
4 T 21.8 18 3750

*
From Table 2.9 pp. 34
SRI Report MSC 4030
"TFC Decision Structuring'

TN--no action

R--reinforce

T--threaten

RT--reinforce and threaten.
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Table B-2

SHIP VALUES AND AIRCRAFT VALUES IN A-7 AIRCRAFT

EQUIVALENTS AND DLG SHIP EQUIVALENTS

Number of Number of
Ship (DLG) Aircraft (A-7)
Ship Equivalents | Aircraft Equivalents
DLG 1.0 A-7 1.0
DDG 1.5 F-14 6.0
CG 2.5 A-6 3.0
CLG 2 E-2C 10.0
cv 25 RA~5C 4.0
DE : EA-6 4.0




Table B-3

COMPUTATIONS FOR MILITARY OUTCOMES--ONRODA SCENARIO

Basic Data for Blue and Orange Forces

Blue Forces

Aircraft Number on 2CVs Sortie Rate

F-14 48 1.25
A-7 48 1.1
A-6 24 1.0

Effectiveness/Attrition

MIG 21
F-14 4/1

)

Air-to-air exchange ratio
(ER) Others 50/1

F-14
Blue missiles required/kill = 4 (missiles per Blue aircraft, 6)
A7 kill rate = 0.5/sortie
Attrition rates:
Aircraft Lost

—per Sortie
Attack planes, attacking airfield . . . good weather 0.0015
bad weather 0.005
Fighter escort; enroute . i . o s s o 4o s o & o s @ 0.003
CAP or SUCAP over TE. . ¢ & o & = & & w0 & @ o o0 o o 5 0.0002

Blue Strike Plan

Composition of 1 Strike Schedule of Strikes

18 A7 1lst day 4
6 A6 2nd day 2
12 Fl14 3rd day 2
4th day _2
Total 10
Total Sorties in 4 Days
Sam Night
Strike Cap Suppress Heckler
F-14 120 120
A-7 180
A-6 60 32
Orange Forces on ONRODA
Aircraft Normal Reinforce Sortie Rate
MIG 21 48 96 1.2
Su-7 72 72 1.2
Bombers 24 24 1.0
Total 144 192
Sorties/Day 168 226

Sortie Potential,

% dars } 15,100 20,400




Table B~3 (Continued)

Air to Surface

72 A7 sorties

Target occurrence = 50%

o 12 sorties x 50%
Kills 2 sorties/kill - 18

(See misc)

36 A7 sorties

Target occurrence = 40%

Xills = -32—6 X 0.4 = 7.2

36 A7 sorties

Target occurrence = 30%

Kills = 929 X 0.3 = 5.4

36 A7 sorties

Target occurrence = 20%

Kills = 3 x 0.2 = 3.6

Attack losses (4 days)

272 good weather sorties x 0.0015 =
.41

272 bad weather sorties x 0.005 =
1.36

Assume 40% chance of bad weather

Losses = 0.4(1.36) + 0.6(.41) = 0.8

Computation of Losses (Normal Four Day Strike Action by Blue)
_Alr to Air
First Day
Alrcraft 48 Blue F-14 sorties
48 x & missiles shot _
Effectiveness % missiles/kill = 48 kills
Attrition Assume ER = .Z:_)
48
Blue losses = 20 = 2.4
Second Day
Aircraft 16 Blue F-14 sorties
Effectiveness 15 k3 mizsiles shot = 8 kills
40 8
Attrition ER = 1 Blue loss = %0 = 0.2
Third Da
Alrcraft 16 Blue F-14 sorties
Effectiveness 16 x 2 mtzsiles shot = 8 kills
40 L e
Attrition ER = 1 Blue loss = 20 = 0.2
Fourth Day
Alrcraft 16 Blue F-14 sorties
Effectiveness 16.x 2 mizsiles shot = 8 kills
40 8
Attrition ER = 1 Blue loss = %0 = 0.2
“
8¢
4 Blue Fighter escort losses
120 sorties x 0.003 = 0.36
Blue CAP losses
120 sorties x 0.0002 = 0.024
Totals
Kills 72
Losses (Blue VF) 3.4

34,2
0.8

L
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Table B-3 (Continued)

CASE I _NO ENEMY ATTACKS

1. N = No Orange Action

Results are the same as the Normal Four Day Strike Action:

Blue Aircraft Losses

F-14
A-7
A-6

Total

Blue Aircraft Losses, Defense

Blue Ship Losses

3.4
0.5
0.3

6
1
3

[}
o

Orange Sortie Potential

747 aircraft lost

267% remain

0.26 x 120 x 1.2
0.26 x 24 x 1.0

Sorties/day
For 86 days

2. Orange Reinforced

37.4 (MIGS &

Equivalent Factor

SU-7)

= _6.2 (Bombers)

43.6
3750 sorties

A-7 Equivalents

20.4

96 MIG 21
_96 Others
192
Air to Air Air to Surface
First Day !
Aircraft 48 Blue F-14 sorties 72 A7 sorties
48 X 5 missil hot
Effectiveness % m;ffeg ei:ilsl 9% _ 60 kills Target o;:cz:urrence = 50%
Kills = wy x 0.5 = 18
Attrition ER = 1/13 Blue loss = %% = 4.6 | (Same as Normal Strike)
Other 3 Days
(Each)
Alircraft 16 Blue F-14 sorties 36 A7 sorties
Effectiveness 16 x 3 mizsilea shot = 12 kills (Same as Normal Strike)
Attrition ER = 1/13 Blue loss = %% = 0.925
Totals
Kills 96

Losses 7.4




Table B-3 (Continued)

Computation of Losses (Normal Four Day Strike Action by Blue)
Air to Air Air to Surface
First Day
Afircraft 48 Blue F-14 sorties 72 A7 sorties
Effectiveness 48 x 4 missiles shot = 48 kills Target occurrence = 50%
4 missiles/kill 7
Kills = 2 sorties x 50% =18
2 sorties/kill
20 ©
Attrition Assume ER = T (See misc)
% 3 ﬁ_&_
Blue losses = 20 = 2.4
Second Day
Aircraft 16 Blue F-14 sorties 36 A7 sorties
Effectiveness 16 ¥ ¢ mizsiles shot = 8 kills Target occurrence = 40%
Kills = —32—" X 0.4 = 7.2
40 8
Attrition ER = 1 Blue loss = %0 = 0.2
Third Day
Aircraft 16 Blue F-14 sorties 36 A7 sorties
Effectiveness M__Lg;z_sili__sshot = 8 kills Target occurrence = 30%
Kille = 22 x 0.3 = 5.4
40 g .
Attrition ER = T Blue loss = 20 = 0
Fourth Day
Aircraft 16 Blue F-14 sorties 36 A7 sorties
Effectiveness 16 x 2 mi:siles sliot = 8 kills Target occurrence = 20%
Kills = 3—26 X 0.2 =36
Attrition ER = 40 Blue loss = L = 0.2
1 40
sc
Blue Fighter escort losses Attack losses (4 days)
120 sorties x 0.003 = 0.36 272a§°°d weather sorties x 0.0015 =
Sius CAP losses 27§ g:d weather sorties x 0.005 =
120 sorties x 0.0002 = 0.024 Assume 407% chance of bad weather
Losses = 0.4(1.36) + 0.6(.41) = 0.8
Totals
Kills 72 364.2
Losses (Blue VF) 3.4 0.8

ot Sty T3




Table B-3 (Continued)

: 2. Orange Reinforced (continued) f
Blue Defense Losses 4
Blue aircraft = 0 é
Blue ships =0 i
I
: Orange Losses Orange Sorties i
Blue attack = 34.2 32% remain i
Blue VP = 36 0.32 x 168 X 1.2 = 64.5 E
130.2 0.32 x 24 X 1.0 =_7.7
Sorties/day = 72.2
x 86 days = 6200
F 3. Orange Reinforces and Threatens
96 MIG 21
96 0thexs } 192 aircraft
(Same as 2, above)
4, Orange Basic Force and Threatens
(Sane as 1, above)
CASE II BLUE AIRSTRIKE ORANGE ATTACKS BLUE TASK FORCE f
? 1 & 4 Basic Orange Force
: No action or threatens
A
: 48 MIG 21
¢ 96 Others} 144 aircraft g
: Blue aircraft losses, attack (Same as Case I 1.) = 21.8 ;
¢
f Orange Sortie Potential (Same as Case I 1.) = 3750
; Orange Attacks Blue Task Force
§ i
Orange Force Blue Damage Blue Ship Losses Defense
6 KOMAR Boats 0.1 damage CG 0.1 x 2.5 = .25 4
12 BADGER A's 0.1 damage CV 0.1 x 25 = 2.5 3
: 12 MIG 21 3 F-14's %
e 215 ¢
§ Orange Losses Blue A/C Losses Defense
10 F-14's engage and 3 x6=18
kill 10 BADGERS
12 MIG 21
‘
2 & 3 Orange Reenforced ;
Reinforce or reinforce and threaten
\v
96 MIG 21 B
96 Others } 192 aircraft i
Blue aircraft losses, attack (Same as Case I 2.) = 36.2
: Orange sortie potential (Same as Case I 2.) = 6200
s Orange attacks Blue Task Force (Same as Case II 1 & 4) Blue Ship Losses Defense
. £ 2.75
E i
3 ? Blue A/C Losses Defense
i 18
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Table B-3 (Concluded)

CASE III RED AND ORANGE ATTACK BLUE TASK FORCE

1 through 4 Postures

Blue aircraft losses, attack
Blue aircraft losses, defense Same as CASE II

Orange sortie potential

Red SSM attack on Blue Task Force
0.1 damage on CG
0.1 damage on CV
Total damage on Blue ships increased to

V.2 damage on CG
é 0.2 damage on CV

Blue ship

0.2 x 2.5
0.2 x 25

The difference in the Blue ship losses is due to Red ship SSM attacks, which damage
I more Blue ships. This threat does not affect Blue strike or Orange sortie potential.

losses defense

0.5
5.0

5.5
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Appendix C

OFF-THE-SHELF COMBAT SIMULATION DESCRIPTIONS

This appendix presents brief descriptions of candidate off-the- i
shelf computer simulation models, which were examined to see if they
could perform the OC function. The material is either taken directly

from or condensed from the noted reference.

i
s
1. C-BASE 1II ' l

C-BASE II (Reference 7)* is a computer model of attack carrier opera-
tions against an enemy land-based air arm and target complex. The model
was designed for investigations of the relative effectiveness of different
mixes for the carriers' complement of combat aircraft. The mixed comple-
ment may be comprised of aircraft of one or more models in the mission
categories, attack and fighter. (Fighter includes multipurpose aircraft
also designed for ground support missions.) In the model, the aircraft
may serve as CAP (combat air patrol), DLI (deck-launched interceptor),
escort fighter or attack aircraft.

The model operations span only the several opening days of the
engagement before either side can replace lost aircraft. Operations may
begin with an air superiority phase and to this end, all or most of the
carrier strikes may be initially directed against parked enemy aircraft.
If air superiority is attained by the task force, operations may then be
shifted to a second phase with increased allocation of strikes to close
air support and interdiction. The enemy defends itself with fighter
aircraft, SAM, and antiaircraft artillery. The carrier base, when
attacked by enemy aircraft, is defended by the CAP's, DLI's, and support-

ing missile ships. Both sides suffer losses of aircraft, and damage to

*
References are listed numerically in Section V of the body of this
report.
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carriers may compel a temporary suspension of flight activity or an
early withdrawal of the task force. During both operation phases, as
conditions warrant, carrier aircraft are allowed to change roles from
a CAP or a DLI to an escort fighter or, if a multipurpose type, even to

an attack role.

Inputs to the model may be broadly classified in the following
areas: (1) enemy threat characteristics, (2) carrier survivability and
supporting missile ship capability, and (3) carrier aircraft character-
istics. The model outputs are running cumulative results after each
carrier strike and enemy raid, in chronological order. The outputs
include such items as number of sorties to weapon release, number and

type of aircraft lost, and status of the carriers.

2.  CFoAM

The Tactical Operations Module (Reference 12) functions as a simula-
tion of tactical aircraft and missile operations (both offensive and
defensive), Strike Warfare, ASM, and SSM operations. Both sides have
equal offensive and defensive capabilities and wide discretion is allowed
for the detail of the opposing forces for evaluation of equipment per-

formance and doctrine change effects upon engagement outcomes.

The model is programmed in PL/1 for use in an IBM 360 compatible

system of 500k or more working core.

Extensive employment of ECM, ASMs, and SSMs may be carried out
during offensive phases. Defensive capabilities include jamming of
guided missiles, surface~to-air missiles, gunnery, and interceptors.
Airborne and surface early warning and aircraft control facilities are
also provided. Features have also been incorporated to represent command
and control saturation because of an excessive sum of both friendly and
enemy units and actions, as well for providing means of avoiding irra-
tionally aggressive or wasteful action on the part of either offensive

or defensive forces.
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Provisions are made for target repair and weapon replenishment and
their resultant effects so that an extended period of action can be
simulated.

Supporting software is specially designed to allow the execution
of offensive and defensive action for an arbitrary length of time and
freezing the action at a point so that the condition of both sides may
then be investigated and changes made in doctrine and offensive and
defensive deployments. The simulation may then be continued for another
arbitrary time period. On-line printout of any and all data available

is provided at desired time intervals during execution.

3. TACAV III

The TACAV III model (Reference 8) has been developed as an analytical
tool to assist Navy planners in measuring operational effectiveness of
tactical aircraft performing as a carrier air wing. It is a FORTRAN IV
expected-value model that simulates an up-to-60-day war between a carrier
task force composed of 1 to 6 carriers plus escort ships, against a land-

based enemy.

The simulation starts with the task force located approximately 200
miles off the enemy shore. The enemy may launch an air strike against
the ships of the task force, or the carrier aircraft may launch the first
strike. The order in which the enemy and friendly attacks occur through-
out the war are controlled by input. The simulation continues until one
side wins (by killing all of the targets) or when the number of days for

the simulation to continue is reached.

During a campaign, attacks are made against enemy targets in three
weather conditions: visual, nonvisual, and marginal. A different air-
craft assignment and tactic may be employed for each of the weather
conditions. The effectiveness of alternative airwing compositions may
be determined in terms of enemy targets killed, combat attrition, re-
sidual forces remaining at the end of the campaign and days to gain air
superiority. Costs, which are applied externally from the model, can

be introduced to determine the most cost-effective alternative. The
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model has a wide range of applications in the areas of weapon system ,

planning, programming and budgeting, concept formulation, project manage-
ment, development of carrier, aircraft and ordnance specifications,
operations, tactics and force-level planning, and comparative cost-

effectiveness studies. [

Special input programs are available that use prototype offensive

and defensive units so that large, complex aggregations of opposing

1
forces can be increased with a minimum of effort. |
i

4. ATACM i

ATACM (Reference 11) is a computer model designed and built for the H
Arms Control and Disarmament Agency for use in analyzing the impact of |
various force mixes upon a tactical airwar in Europe between NATO and ;
Warsaw Pact forces. ATACM models an air campaign as a zero-sum staged ﬁ
game and employs dynamic programming to solve this game for approximate, g
optimal MAXMIN/MINMAX aircraft allocation strategies for the opposing
sides at each stage of the campaign. The model permits multiple air- }
craft types with user-assigned missions, numerical and fractional rein- ‘
forcements as a function of stage, and user selection of the objective !

function used to generate the optimal strategies.

5. AIRCAM

The Air Campaign Model (AIRCAM) (Reference 10) is designed to
simulate the flight-by-flight penetration of a defended environment and
to provide visibility to the factors affecting this penetration. The
model allows simulation of surface-to-air defense disposition and type,
air-to-air combat between fighter escorts and enemy interceptors, and
standoff capability of the prime strike weapon. There is an option for
a "prior defense suppression'" campaign to kill SAM sites before commit-
ting strike weapons. The expected-value model is coded in FORTRAN IV
and is designed for use on the DIALCOM time-sharing system.

96




=

R

Appendix D

COMPUTER OUTPUT FOR NWRC SOC EXPERIMENTS




Appendix D

COMPUTER OUTPUT FOR NWRC SOC EXPERIMENTS

Exhibit D-1

HLUF FURCE ELEMFNTS
BRBDBVOVBRURIODBONLORIRRRODDOONG

® ELEMENY & EXAMPLE #CLASS#®
BERBVVBLPRVRROBRBIORBORRELBROOL
®ATTACK @ A=7E ® 0A @
*AW=ATTACK “ A=gF & 0 @
®VF LO # Fedy @ Dp @
eVFk H] * Fel4A & DA @
aCyV #KTTTY HAwk® QS #
#SUPPORT SHIPH#NLG LFAHY © DS &
& < L] -2
L ] 4o %% +*

(122222 A2 0222222222 2 0 8 2 20

ODA=OFFENSIVE
DA DFFENSIVE
NS=0FFENSIVF
NS=NEFENSTVE
LS=LOGISTICS

RED FORCE ELEMENTS
BRBRBRGBEDER DU OERURBNBRUN GO

®  ELEMENT @ EXAMPLE @CLASS®
(I T Y Y Y P Y Y22 2

®ROMBER=1 0 ¢ UBADGER a# QA ®
*ROMHEN=H] # 0 ®
WAL 1 ¢ SU=78 ® DA @
"VE 1 @ MIG=21 o DA ®
#SSM=SHIP ¢ S$Se=N-3 os =
#A[KBASE ¢ ONKODA & Q8 @
#SAM STTF ®  SAM=3 # DS @
@SUPPLY LINE® AAA i IR

HERBRDPDBRRBEORRRODRRRROOOONNE

ATR
ATR
SURFACE
SURFACE
SUPPORY




CaC L i St S o

I

RRRRRTRANRRRIRDRRRNARBCIRGRRINRRNNRERRRHRRIRRNRE VR RERRRRGBBERRABERNDRROODORTLR

a2°2 #7010 o ™ aveas @ INO Tw ® ol o ® ® #e [0«
w2l a0l o ' v« 2 OINO 0 el o ™ ™ o #8d4VI4A»
26° 2001 = » OVHe @ OINO & ) @ ol ol o aadVINSs
#6° an0l =« » aveae @ ONO 1w @ » #2 @ # Jdna SVde
»6°® an0l » Ja a009+« » INO Il & @ ™ e » Haa SVs
2k an0l o o 2 0009+ » INO el = al = #9% 8 Vas Svde
»6° an0l o * avA«e ® INO e ® * 42 o # Uss SVme
»6"° #0017 o Oa a0nN9e ) INO el o2 = @ #Y 5 Oasas Svysus
26 an0l o Ua ao009« ®* ONO el o @ @ #l o das Symne
a6° an0l  «» Qo a009« @ ONO Ve ® ® ® #l o Vas Svnme
#6° 2701 o 'S aves 2 ONO Ve el o # = # HaeVHd Ve
26° ar0l o He ao09» a ONONel & o« ] 2 o YaayHdlve
#6° 400l o Ha ano9s # OINOTel 82 o ® 2t #  IpavVHAVe
86° an0l =« Ha aA009% o INO el o€ o ® «C » 3JanvVHd4ve
26° 2000 » He qo09x » ANO ol 22 = ™ #% o UasavHAvas
# (HIVH) 2 (WN) 20aB8NSeantaasesanratNSaad s anan st dstaetdanttosaltonnasattnnansaes
o # 130 # 434 o XM 2 430 # JONVH «J/va]H 20 @ @ ® S »

2033dS & XVW # XM o LSHOM 239NVH 2 XU #dNS#4A adA eMy oVA 48MNSe IdAL »

XYYz PEYYIZEYEIEYYIRYY YRR SRR L2222 -X-2-2 R ARRALY YL R L L LYY R Y Y Y

® SOILSIN3LIVYYHD LINN # LINND d3d SIN3IWINT »)INN DH4 He

RN RN AR RRRRRRRRCRNRRBRRNRRRRRRRRRRNRARNRRRRNRRTRRIRNRORRORRTIVORRNRRRRNBORNDS
SLINN 32404 3NA

¢-a 3ITqQTUYXy

100




S A S B S . o AR A 3 A SIS NS o ety e b RN el

B RARE RN AR R RN BN R R RN NN CRRRRN IR RRRRDRBBRRNRRIDADHRORNRRRTRQRCRRDRRRNRRRRENNE

® » » » » L) o * ™ » @ o ae @
® » o ° » ® ® ™ » ® » S ne *
* » @ ® » ® ® » * » @ @ o ®
s ™ ® * ® o @ @ & @ * ™ 'Y ®
™ ™ * ™ o - » ® ™ ° ® ° an ®
® r » » © ® ® ™ » ® ® » e LY
» ™ ° » ® ® @ » » ® » 'S » & Y
* % » » » » ™ » » ® * » 'Y ) ®
* ® » » » « o * » o s ® FY ® o
» ® ™ » ® L " * ® 'S @ ™ 8o & S
«G°1 - '] @ @ # 1H0OHSe ol @ ® @ ™ a% [7Se
L 1.0 andZ » » Ovee ® INOTel o ™ @ @ ® ot WSSe
»6° an0E o - 0009« » ONO e ® a8 @ @ s Vaas d49As
26° anf0t o @ avae » ONO e ® o @ @Y o dew IJH4e
26° an0E o He 0009« o ONO Te ™ ey @ a% » Vaz INde
@ (HOVW) a (WN) #028NSa00080000e0atNSAatansctnattdontaaansntassntosssationannens
@ @« 130 « 430 » X% » 430 @ 3JUNVH «dHSe L) #[Hd 207 o o *

2033dS # XUW & XM @ LISHOM «39NVH & XVUW @WSSel JAedfAevA avA aHNde 3dALl «

“t.t““t..‘.“““‘.‘..“..‘0‘.“‘.000.“‘O0.0‘....“.....‘.““‘..“..‘

» SIT1LSIY34IvyvHI LINN e LINN d3d SINIW3ITT &lINN M4 He

“t‘.t..0..0‘.‘.0‘.‘..“..‘."t..‘t0.000t.t03.#....0‘..0‘....0.....0“..‘.
SLINN 324049 03

€-a 3ITqTYX3d

- — : ; Py AIHIL




B RRR R RGN R R R R AR R R AR R R RN R R RN R R R RN IRNNARNNRNALRRNRTRRRNORI RN NRENINLDEBD

» o ™ ° @ - 3 'y 'S @ @ s an ®
° ° a 29° & o€°1 a2 ° #900°249° oS° o #4d4VINSe
222° «0 ° » ™ »0 20 220n°a200°0S2° #52° & Jas SvVOe
#9€° al®[ a ™ » av°€ 29 e9(0°ag20%all® »U2° & Bas SVIe
219® al°’r = o » Y 29 29(N°a€2C°all® 291l° & Vaas Syds
™ 20 a o9 o *0 20 o #200°85<2° #92° o Uasas Sume
® al®T » 20°2 » e€°T1 o€l o aSlVal(® #l(° 4 DJas Svae
'y «1°1 o #9° » a€°1 22 ° 2900°2aS° #S° & den SvMe
® 20 » 29° alY* LA ® #€00°20°[ 20°T 54 Vas Svyme
) 20 ® a a8 @2 *2 o #900°22l° ¢ll® o HaoyMdlve
o 21°7T #90° o #0°€ @.°9 28 ® #2G0°%alLl°® 291° 4 YsavHd Ve
» al®l & o al®2 aL°01 221 » 22G0°%aEL°® »21° » doanyHdIVe
™ el°7 =« ™ al®2 aL°n1 291 @ 2#260°a0(° 28U® o 3JoeyHdIve
® al°T » ) ad®2 «€°11 #€1 @ #.90°%°all® #ll® & UsavHdIve
R RN R a R AR R R R R RNR NN AR AR RO N RN RN RARARNRRRRNRRNANRBRONDOINBNDNDER
e3INI e #3SVa3adIHSad/V o o 23INT o o o - o .

2A1dS2@NYS oHIV 2aWSS «0INde I4N 2 48A 2ANASaWVS aldA 2487 a05s 3dALl »

BOVRBORR NN R AR DR R R RN B RRRBRRRNRBRNNRORRBONNRRRRN SRR ANRRNBIDOONG

® 1INN 3078 ¥43d4 1SO1 e LINN 3NT8 d4d « INIW3IT3 330 034 &) INN 3DH0 4e

® SINIWITY 3IVIHNS 034 SN HIV 034 xVYWedidd LSO SLINN 3NTHa 3N8 @

L2222 P22 2 AR XXX A R AR Y YT RL LR YRR Y YRR Y RY Y RYY Y )
Q3d ONIMIOVLILY 3INTH 404 SITLSILIvLS IN3W3IYVONI

#-a ITqQIYXy

102




o e e

AR RN R R R e R R RN AN R RN AR RN R AR R AR RN RN R RN RN RRANRRORRRRORNARDAORRIRNBODRDN

o » o P o # ° ® o @ ae »
o - ® ° @ 'y ™ » » o an »
o s o » o o S ™ o ® oo »
» o @ » t S o ® ™ 'y an I
° » * @ L # * L] o o ae [ ]
@ a o » 'y @ @ » ® » a0 o
I o 'S » o ® o ™ o ® an ™
» » ® ™ o @ ™ ™ o S Y ®
» s ° » « @ @ ™ @ » 'Y @
™ » a » ®» ® ® o ® ° a0 ®
» 22° P » o #82° ab6l° olE® a0l° a2 WSSe
wl* » al »? *9 #lE® #2(° 2a9°® all® & Vaa 48Ae
2G* a o » » *GL° @ el #29° » deo IIHde
2G* 22° o ol ay #lE* o #S°® add® o Vans 3I3M4e
Y Y Y TP T l i T T Y T ee Y Y Y PP ROTee THe PHe e Y PP PP T g
# SdIHS » e /Y =« ® #d[HSa e IH o 00 & o »

#140ddNSs A 203NYE » IH 4A o O 4A odNS # A & 3A o 4N aHNSe DAL »

(XYY ZPY T YE YL XYY Y YR RY R YIRS Y- E2RYE RS YEELE Y YL YRPRL Y TR FY FEY Y

o LINN Q34 43d 1S0O7 o LINN U39 H3d4 o INIW3ITI 330 N oL INN MO 4

# SINIWITIT FIV4NNS INTA 4SO HIV INTH XvhWadIA LSOT SLINN UIN o 03y *

XYY TP YT YFY R XL XYY Y Y YRR Y I 2SR YT Y YR YRR ALY YT YT YT IR YY Y'Y X X )
AINTH ONINIVLILIY 038 d04 SITLISILvlS INIWIYvond

¢=-a 3ITqTIYXy




Exhibit D-6

WEAPON PLATFURM AVATLARILITY
I IR LYY T X R X R-2 X X-X 2824
® FORCF #NOKRMalL® SURGE® R/R ¢
QELEMENT® SR « SR & TIMg ¢
I TR X T X 2 L X3 X
QQBLUE&G&.#Q“GG##O“OGQQQGQQQO“

&« VA ® 14 o% 1+
® Aw o 1 2% 1 ¢
®« VF LO # 14 ray Ly
* VF H] = )@ ov /s

LR BBEABpREPRE GO OB ERBBOO R
BORENRedapttotboRRBRpOROLIBRE

« VA LO @ 1# 1.,5% 18
® VA H] @ 1+ 2% 14
® \VBF @ 1% i i#
@« VF] o 1« o 1
@#QSMSH]IPw 1% o4 G

I 2T ERFFTRREIRTTL LA 2 28 22 204

Exhibit D-7

CAPABILITIES OF A/C RELATFU ELEMENTS
.QQQOQ#OQQGOGﬁ“b&&“ﬂnbnaﬁ“do“ﬂ###ﬂpﬂdbno
L & MAX UPFRATIONS®MAX UMGE REPAIR®
®DAMAGF % FEn PERIOD Pek PERIOD
) LEvtLooanUtoooonFn»oocogLugoonanEnuoe

L # CV ®#AIRAASE® CV  #AIRBASE®
.OQQQOQQOQQ¢QQQGGQQb#ﬂ“ﬂﬂbﬁ&“ﬁ#ho“ﬂ““&bo
* 0,0 25N 370¢% v # O«
L ol @ 2¢5¢0 260¢% LT ® «07%
. o2 ® 200 2304 od2 ® Jl2w
* 3 ® 1¢S5« 200% olS5 ¢ o 15%
* b @ 1000 175+ 16 @ .16
@ 5 @ (S« 150 s 1D @ o 15%
L o6 # chu 240 sl 120
C R, che 24w U7 @ 07
@ H ® Ne 0 0 » 0w
- 9 # Ne ne 0« O«
® 1,0 ¢ 0 ne (A (124

BRBDRBOR RNV UBANBOPIRRBRBRBRDBRUBRDIR YN R g

104




“0.“‘.090“‘.“0#‘.‘.“‘#0'0““‘#0##.n.‘O.#n.‘9‘0##3‘#0“‘#‘#0‘*“‘0‘““‘.

° o ] * L ] ) @ * ] » [ o L2 ) L
™ o » ® . 'S o a o o o » #n »
™ o ° o o ™ ® @ o ° @ » gy &
2 ° L ] ° L 2 ° L 4 L.} L ] L2 L.} L) L XY L 2
™ o 'y ° o ® ™ 'S ™ o ® ™ *n *
' o ™ ™ » ™ » s ™S o o N *y ®
™ o o ® o s o « s o o s LY @
# 0S «l 1) ot"® ol *G"* YA al ady a0 292 aHe ea JH4lDe
saoeeeSAVlaSAVOnesonasasansans (NIn)veansnnasnananannaeateasadosapadaanaansed
» ™ ™ 2l 13HSRIIVY a3IWIL o a 'S @ ™ » @ I
6S40 23INTLa3dNile /Y 2IONVNaHINT & SdIHSe o IM & 071 o » aX 3 14W00»
2 7d382 1d 3N 1A= LIVHI=ANNS @ 110 & dANS & AD & A & dA & MV » YA @ INTA  »
““.“.““...“‘#...““““‘#“‘"#“#“‘00.““3““#“.“O“’ °
® SII1S[d31IVHVYHI ° SIN3W33 * 2

PR R RO R NN RNNRRRNRARNNRABRNRRONRRRORRRINRRRRLARRRRINRNRIANRNANDERRNRDONRRNLS
S3¥31dn0Dd 3404 3NnTH

8~a 3ITqTYXI )

105




AGARdRdtaad R ddddddRdaideRRanRARRRRRRRRRNARRLARRRRRNLARRNRTROANN R AN NS L BDBBODY

'y o » a @ 'y @ o @ s 0 @ % o *a ™
% L3 L ® * L3 o * * o -] & -] o LX) L 2
@ o . @ ° @ o ° o N ® @ ™ » on ®
® @ @ ° ® « ' ® ® S o ° ™ ™ on ©
™ o ° Y ® @ ™ o @ ™ ™ ® @ ® *a '
™ @ a o o o ® o « a & ® @ « s *
@ 2l o 20 »( ™ ® ° “ el o ® o » #2 VO(O3xe
» #0 %0 20 LA 2G° #0 a8l 22 @ 296 #<l al aRrY es (Q4M]lvVe
saneanSAv0aSAVUnnanannannsan (NIW) Rt oo nanatnadnonnnatRonndonssntannannned
™ # ® #113HS21IVd e3WIl o ° « o o o » @ ® »

#Sd0 #3WTLlaIWlle J/7¢ o3IONYHeHINT «3NTV23IL1Sa3SHadHSa » alH 207 X 3INdWODe
#4382 1d 342 10A8 LIV 44ANNS = [0 2ANSenVSatdlVaWSSal dAed8A2VA avA & (3H «
PRORRRBRNRRRRRRRRRRRNRNCGRRIRERNNRIRRRARORRRNNRRRNODRRNNRLRRNRSNODBBDsNTY L 4

o SIOILSId3LIVHYHD # SiINIW3N3 ® »
RN AR R RN R AR RGN AR BN N NN RO NN R AN AR RN R AR AN RN RN DR RN R NN NARRBIROOBERN
S3IX3TdW0I 32804 39

6= ITQTYXY

106

P




O‘t‘t#t“t.tttttttt‘tttt#t*‘t###t‘ttc3##0#000#00.“#.0&#0##8#"‘0#‘#.0.
ol 2 (ON=0 S3IA=T1)123443 NI LNV 430 LINN 39404 HIHLVIM UVA INVM NOA 0Qe
ol ol ONS0 S3A=1) 123443 NI LNw430 LINN 0404 39NVH ONOT INVM NOA OQe
o€ ° Q3IHINNYT 38 NVD I10/171S 1SHI4 3803434 SIUIANTW NI AVI3CQe
S°® » MIHLVIM dvd NI Q3ZITv3N 39NVE NOTL33130 LINN XVW 40 NOLILOVY de
al » HONNVY L4vdIHIV H3d SNOTI1VvYEd0 40 °ONe
2l - ONIGNY T L4VEINIV H3d SNULIVAMIdU 40 °*ONe

S

°*

107

0 (SAILS IWIL HMHE 40 *ON)ISNOISSIW IINYH LHOMS 404 IJwil NOISSIWe

0 (Sd31S AWIL MHE 40 °ONISNOILISSIW 19NVH YN0 HU4 dwil NOISSIwWe

201 (L€ NYHL SSIVINMA 0L ST 3LLva 441 SAVU 40 HIHWNN WNAWIXVWe

tt‘.‘t‘t8‘0##0.#0“*..‘.0####‘tt#0###t###t#t'#tt##t#.ﬂt###t#t“##‘..‘..
S1NdMI SN0INVIIINSIW

01-a 3TqTYxy




YRR RRGRIRBRRIRRBRLNBERBRNOSNARIRRB ARSNGBV RN SRRSO RES

® o o ° @ * ) s * » ® o Y
@ ° ® ™ o ® L] ® # o o #n 'Y
# @ . » o ® @ ™ ® ™ o #u a8
o # ® ® ® ™ # . # « & on oo
® ® P @ 2 S o » o« r 8 o ae
« # A ™ a ® 2 N # o o % o
® ™ » # ® ® # # # » % % ae
® ® » ™ # ° o r ™ » ® wy ow
™ ® n ™ ® ® @ ° # ™ o #y 'Y
@ ® » 'y ] o * » <* o * #y e
a] ol ol = 2dVINSave2l 20071 SOdQal AVQe vIUd3Ma I441D80enadvINSae
20 al ol @ 2dV)4Ae3L9G69E2TaNyYINIONSaEY (SANIe a Jddldales 2dvdse
20 al HE = 2dVIIN#RLOGHE2TaENHISUNIaT AvQOs a J44l)alan Tdvdes
® ®7 a9 a 9aVHAIVagl 2SSl VOUal09 Vaae 481vas JdH417al#aNv3VDas
o e% 49 a daVH4IVa€l #SL vQQsl AVQa (1381lve Jd417alasENd)Sas
o al 542 o HavVHdIVa9 #9l vOQal AvOe Q40lve I¥41)H)alaaidNy)Sae
@ a% 59 o dJaVHAIVesell sl AVdal AvOa Q481lve JradldalealMdlSesr

BRRRRR RGN RO R R RN R RBBRRRR RN RRRRRRNRDARNRIRDANDINRRRNNDABBHNBDADRNINIODRRDS

o INNalNNaINN®HNS 3dAL # S3IWIL & dOLS » LHYLS axWdWOdax 14WNIadeNOISSIWe

2A0daeNIWaS30a LINN ® NNISSInea » 2l390V L anNIOTHNS @ »

BRRBRRRRNRRRRRRRRRIBSTRRRIRRIORNATARGRRRANNIRRINADNARRRNRR RN NRNNRDINBADD
SNVd SNOILV43d0 3InTg

11-0 3ITqTYXd

108




RRPR RN RANRRR R R RN R RRRRRCRR RNV RN AR RN RROPRROVRO RN RBBRCRORGBRRNGRENBERND

» ® » » » ™ » » ® » o %a ae
® » a - ™ * ™ » ™ » ® %o ae
» ™ » - ° » @ @ ° » o o 'Y
» » - » ® IS » ™ * ° * ®p *e
» ® a » * » ™ ®» ' » » ®o *e
» ° @ » » ™ » » w ™ o *a Y
» » o » ® - - » ™ » ® % aw
» ™ » » “ » ® ® ™ 'y ® ®o »e
° ° » » » » ° ™ ™ » o ®a *e
™ 'S 2 » » ®» ® ® ™ ™ ® on ae
° ® ® - » » ° o ® ™ * ve ae
» @ » ® » . ° » I ° ® ®o 'Y
® ' o » ‘ » 'y @ ' ® ® o aae
™ ol a2 o # WSSe€2 a0g Vouel AVOa O441Da vININaO0e®alHWSSae
™ al o901 & o [1Se8L96%210 ol AVQe # UdHlveles [ISee
N # of @# Ve 33IM4de€2 20§ vOousal AVQe JH410e UdH]Ivwaeleas J3Nd4ee
™ el 42 « Va d8A2E2 209 v0Qel AvOQe JH310as UdNIvalasiHidAes

BRGNS RN RRBRR A RNRRRRRNRR RN RR RN NN BRORRNRRRRRRRNRONRRBNRNNRRABOARRERN

2INNsINNSINNeBNS 3dAL » S3INIL & dOLIS o LHVIS X 1dWO0daX 1dW0ODedeNOISSIne

aAQdeNIWSS30« LINN # NOISSIne» » 2l39UVIaNIOTHOL « ™

PR NN R AR RN R ARt R RN RN RN RN RRR Rt R OO RRARRRNRRRRRRRRRARNRRRRR RN RRORADORES
SNV1d SNOILvd¥3IdO a3y

¢1-a 3ITqQIYXy

109




winge s

Sl L S

R S N o A S S B e SR it e 2 bt ’ N

LYY L Y Y YT YRR Y E R Y PR R TR 09 7 ¥ P 0 N g o g ey

o ) ) o *+ L3 o « 3 ¢ UQ09e XMe

* ™ @ ™ - ™ @ ° @ al eAvVQe

LITY YT Y FTTY LY LY L LY P ETER R TR TTPR PETIIER Y PR PG G gegr gy
SAVA XM ONTLVILINI

%1-a 3ITqQTYX3

R RN RN AR RRRRR AR RRRRARRRRNRRRNRARRRRRRRRRRRRRIRRRNRTRIROBRDON

® ® » o« S ™ I » o -
*» * » L] L-] » °® * -3 L J
®» @ » ™ 'S » ® ' ® ®
™ o » ® ® 'y « ° @ ™
. . ° @ » o 'y ® o ™
» ® - # ® o o » @ ®
) ® » o o P ' & IMOHS» vIQ3de
@ ® ® o @ o 3 # O9INOTe (IMIVe
LYy Y Y Y Y Y Y Y Y Y Y Ll Ly T T Ty PR r g g 3 3 AP S g gegegrggegggegey
» ® » » 2 ' o e IH4ldas N3Ne
PR R ORI RN RGN ReRRRRRRRRRRRNANARRRBANRORRRRRDRNVORNNDNAONNRED o 'Y
» o @ »
» SNOILISOd x37dW0D AT LVIIN » « ®
» 23N THece

RN RRBROONNARNNNRNNBNARNARRPBVVRACGRDONVRARNBRORBRBRCRDNIRRNBBRBROERSE

€1-a 3ITqQIYx3

e+t et ey 8

110




R

BB RN AN R RN RN AR RN RRN R NR RN NN RN NN RNOIRNNNGRRRRRRONRRRRTRINALRRRNBNRRRNE

20 0 42 o a2 WSSag? al AVdel AVQOe JH44Dde VININaOealHnSSes ¥
afGla9s2491 o o [15a82969€21e ol AvQe ® UdMivales TISee
26 #ll 2E » Vva J3ydecl Y4 Av(yel AvQe JH31De udMlveles JIndee
22 #% 42 « Va dBAet€2 Y4 AVUal Av0s JdH41lDe UdMlveleslHifAee )

B R ORARRRR R Rl R R RRRRNRRR RNt NGRROERANRANRERRRARRRRRORINRBIDNRRIRDE
2INFaDINLINNRHNS 3dAL » SIWIL o d0IS & LHVIS «X1dW0dax 14W0DadeNOISSIne
2INNaiINNaS30e LINN # NOISSIna» » 21398V anIOTENS @ ™
R RN RNa0 s NI RRRRRRRNRRRRRRRRRRR RN R ARRRBRRRRRRNRDRRRINTROBNORONDRDORDS

SL1INS3IY INIWHSIAdWQIIV NOISSIW Q3

9T-Q 3ITqTyxy

111

SRBRBRDRANRBRRVRRNNBRDRARNBBBNNDRVRRORNRCGRDINADNRANRORNERCRRRNCGODRBRORERNRRIDEONS

20 20 H»1 =« 2dvINSase21 2001 SO0asal Av(de VIUdHa JH4l)HaUsadyINSes
a0 o0 L1 o 2dVI4AeBL9SYE2 Tl AVUat AvQe s Jddldales 2dvIee
299 289 of » #dVI3Ae8L9GYE2 el Avdal AvQe # JdddlHalesas [dyvdee
29 @22l 29 o 9NaVHAIVaEl «l AVQald AVOes Q48IVve JdH4lNaleaNV3INee
29 22l 2,9 o JaVH4IVeEL al AVGal AVQe Q38lVe Jdd4ldaceatN]Sas
282 @% a2 # HeVHJIVa9 0l AvQel AvOae Q431Iva JdHd1Hecealud)|Ses
287 292 249 @ dJ2VHdIVewg2l el AVdel AVOa Q481ive JddlNaelea[NH|See

B RE NN RN RN R RN RO R R RN RRR RO RN A RRRRRRNARRRRRRRRBORRRRRRNRRRDRARORNE

29N3203UAINNHNS 3dAL & SIWIL « dOLIS o LHYLS aX1dWUdaX IdWOIadaNOISSIne

2INNaiNNaS3de LINN # NOISSIwe s 21398V 1aNi9THNe = I

BN NN RN RN IR R RN RRARAR IR IR NN AR RN IRRRRRARRRRINRRRRANRORRRORRNG
SLINSIH INIWHSIIdW0IIV NOTSSIw 3INTH

ST-d ITqTIYXy




R R R R RN R R R RO RN RN RR RN R RN ARNRRRR AR RNRERRIGRGTRD BN ROORRODE

° » Y » ™ @ ® PN » ™
2 0°0= & 0°0= @ 0°0- & O°T e °0- # °0e a °)- e °N- e ®
« 0°0 a 0°0 « 0°0 » 0°0 e °0 e %) a °0 e °N ® yIl)O3de
'y ' » . ® # » ® @ ®
# 0°0 # 0°8l o 0°2 e 0°0= & °*°96 « *2) ® °0 a °Qy « »
» 0°0 e 0°8l o 0°0 e 0°0 #® °ly ® °L9 o °0) o °Goe e (O3¥lve

R R AR R IR R AR R AN RN N RN A R N N AR R AR N SO R R R SR AR R AR AN PR N BN R RO E R R NGO BB R

#3INIANSe WYS #3SVEHIVedIHSWSSe I3dA & 4a9A & IH VA & 07 wA ex3Ndw0de

REBR/VBHAZARNRBIBNBRVGNBONTRRIRBDBN RN BNINBADAR NN D DONRONRonRe (O3IH @

® X3 1dW0Id LV SIN3IW3ITI 7401 7 031I¥LLVY SINIWNIT3 @ ®

T TP PRTTEY T T T LT VY TETTPTL R L L L TR VPRI YL L2 PP GG P PR gy
SLINS3IY NOTLIMLLY 3171L0VH YITdwod U3y

81-d 3ITqQTYxXy

“t“‘.‘.t“...‘.‘*‘##0###‘04.‘4...##...“0##0‘..#‘.‘.#“

® ™ @ ® « - ® *
o 0°21T =« 0°2 * °Qy ® °0 e °92 # *Qy ° o
* 0% e 0°0 # °l¢ @ °0 e °Gl e °GE * DJddlde

RN R RN IR R R NN AR R RN R RN RRRRRRRNRRRBR RO NRRRRE

#2dIHSdNSe AD o IH 4A & 01 A &« MV s YA #X 3 1dW0De

NBNRRRNBAGRNRRQANRRRRANBNRBNBaRBRRBRRRDRaRRRNORRe INTR @

® X37dW0D Lv SIN3IWITI TVIOL 7 U3LINLLV SINIW3ITI o )

R AR RN RN RR NN A RN aaNttRaR At ERRRRERRARRRIRQARRRRARRNRBRRNS
SL1INS4d NOILIMLLY A0LLVvH X3 Vdw0d 3INIE

L1-0Q ITQTYXT

112




RERRNRTRROORRNRIRRN O R DR R RRRRNRRBNRNROBRNDINRRORROINDBONRRDRODNBBRODBORBODRBRNOS

20 o0 LI o adVINSevell «001 SO0Qel AvOa ¥I203de JH41%aVeadvINSes
#0 «0 Hl = 2#dVIdAaRL9GHE2 02 AvQev AVQe e Jd4ldales 24vdas
#2) #ll a4t =» #dV) dAegl9G69%€2Tat AVvQael AvQa # Jddd4ldales TdVDes
289 w4l o9 » He ° o ™ @ & % ®a 'Y
20 #0 249 @« 9avVvHdIVetl #l AvQde?l AVOe Q44lvas JddlHalsanviDee
29 «ll 29 « Ho ™ ° ' » ® * ®o o
289 ol 29 o 4aVHdIVaET ot AV(Qel AvQe (O48IVe J244100ceaEudiSes
92 829 42 a HaVHdIVad ol AvQel AVvQe (J4dive JdA41YelealNy]Ses
281 292 49 o daVH4IVaee2l ol AVdel AVOae Q4diVe JddlDecdeal¥H|See

RN R RN R e R RN R R R RN RN R RN E RN RRNRRRNORRORRRRRRARRRRNIRABRRRORDOR

29N32030sINNSHNS 3dAL » SIWIL o dOLS o 1HYLS aX1dWODdeX 1dWUI2deNOISS e

#INNeINNaS30e LINN ® NOISSInWe ® 2#14398Viani9TNNe « .

L ZY X222 Z LAY IS RZA S S SR RSP R R RS2SR FR ALY Y Y YY T
S17INS3IH¥ ININHSTAdW0IIV NOTSSIw 3INTY

0Z-a 3ITqTyYx3d

RSN BRI O SRR RRRR RN AR RRRRIANLARRRRRNANRRNORRNRRNIRRNRANBOIBRRBRNS

» ™ LA o @ @ ° # UU09e NvRe UN09e Xus

o ° o * ® ™ N of al ol eAvie

PR RN RO R R R R RN SRR RO RN R RBNRRRRRRNGRANERENRENRNRBOCRRRIRADOBOE
SAVQ XM ONLIVILINI

61~ 31qTUX3

113




fRasdsRasatonRRtatpaanReRtRiaR R RRRtRRRRNBORRNRtENRNORONG

» . ® ® ® o Y ™
# 9°21 =« 0°2 ® °QRY « *0 * °He o °Qy @ ®
# 0°0 s 0°0 a °2¢ e °0 a °ul # °Q2 # DJu4lde

BN ORRBRRRRRRBRRROORARRODRARNBORNRNRR LBV BANRB DB BNDINLS

#dIHSdNSe AD o IH 4A @ 011 4A » MV e VYA aX I1gw0de

#RaNCNBDEBRRRERRRINNOLONRDRRBAR RN RAs At eete INTA &

2 X3TdW0D LV SIN3IWITF Tvi0L 7 Q3LI8L1Y SINIWITT « ®

L Y Yy TR LY R T Yy P Y TR LY T Y PO Y e ee-e ey
S1INS34 NOILIMLILY 3A711ve X30d4wdd Ny

¢C-a ITqTYxy

HRQRGRLRIRFBSRIRBSRDIRBRBSNRNCRRIRIRRAABRBGANCIBRRRNBRERRNIRNARRARIRNRERRTINDOLE

20 40 »2 o ® WSSef?2 ot AV(el AvQe JH44Ds VITdMelea [HWSSee
al22a%8ECa91 o @« [1Se8L9G%€21s al AVO« a UdN[vales TISee
#€ 29 »t o fa ™ o 3 o * @ ®o a0
#9 o2l € » Ve J3y4s€2 ot Avdel AvOa D:4d410s UdN[velea 3N Jee
#€ @% 42 «# Va d8Ae€2 af AvQal AVOe JH4310a UdN]velealHdBAse

I XYY XYE X YYIYIZZRIZYTYTYYY YRS ZZY YRS LSS S AR EL LYY L LR PR Y Y Y ]

#ONIe03IHAINNBHNS 3dAL # SIWIL & dOLS & LHYLS X 1dWOdax 1dWODIedeNOISSIne

#INNeiNNaS30s LINN o NOISSIne ™ #1398V LaNIOTHOe a

(TP YYIREEXESRXTTYZYYYRRXYRR LY R RS2SR RALL RS YY AL Y XYY L S
S1INS3IN INTWHSIAAW0IIV NOTSSIW Q3Y

12-a ITqTIYXI

114

el



—

“‘..“‘00““....“#‘0““‘.0““‘.“‘.“‘.#“““.‘#“““‘0‘.‘

™ ° ) ® @ ® 3 * e Tvas U099« Xme

» » @ o ® ® » ® wd ol *AV(e

RBNNBIBNR BN R N IR RN IR N BB RN DI RN DO N R R RNV BRI N BN BT B IR RO ORDBORNDRE
SAVAO XM ON[IVILINI

%2-a ITqQTYXy

BRORDVBONBIRRVRNRRDDVRNDRARNRRNANARNVAVIBBDATNRRENARBRBRRNCRRAROINNCNGROBOBRNES

. 'y » . - o ™ » o ™
# 0°0~ o 0°0- o 0°0=- o O°T1 * *0- e *°0- ® ‘u- a *Ne o ®
» 0°0 « 0°0 * 0°0 e 0°0 * °0 * °0 e °0 e N * yIO3Ide
» * o ™ ™ @ ™ » - ®
s 0°0 ® 0°81l =» 0°2 e 0°0- @ °96 e %2 e 0 e °99 © I
e 0°0 a 2°9( =» 0°0 e 0°0 * °08 * °Gq e *0 « °Cy ® (J4¥]ve

t.'t#“#0“....“#“......‘##..‘0..t‘.‘.‘"‘...‘.‘O.“‘.“‘.“‘O...‘.‘.‘.
#INIdNSe WVS #3ISVHHIVedIHSWSSe 13A e 40A o IH VA o Q7 VA «x3TdwW0de
‘0‘.00‘0"...‘0‘0..‘.‘....‘0..‘..‘..0‘0.‘0000“.“.‘.....“.‘.... DWI *
» X31dW0I LV SINIWITNI WVIOL 7/ QIL1dL1V SINIW33I @ .
“‘O.t.‘#..‘t.“"t“‘....#‘OO.‘..‘#‘.0..“.‘..‘...‘....0“...0.‘.““..‘

SLINS3H NOTLIMALIY 3VLLIVH YINdwed UM
€z-a 3TqTYX3

115




g U ARSI AN AN o SR BT SO i e e e

BRI R R RN R R R R RRRNRR RN R ARNRNARRCRRARRRORRRNTIRGRIRNRARHLNRITRRBAIRS

20 #0 42 = ®» WSSeg?2 #S Av(d«?2 AvOs JH41D4 VIN3INalea lHWSSes
#9€Ea09%9491 o 2 [1Se8.9G6HE2T4 #l AVQe o UdMIvaeles TISse
o€ a%2 € o Qe » @ ™ o » s e a8
89 89 L€ # Ve 3Jivdec %S AvQel AVie JHILIde Uddlvalen I3 4ee
20 0 42 & Ve d8Asc2 ' Av(Qal AVOs OH41de UdXlvalsalHdifpes

LYY Y T PR e T Y YT YT T FY T ITT T LT L LY R LY E P PRV P R Y PP I GRERr grggrgepopogoggey

2INFeDINLINNGHNS 3dAL » SIWIL # dOLS & LHYLIS aX1dW0Dax 1dW0DadaNOISSIWe

2 INN#INNsS3Ide LINN # NOISSIwsa 2 21394V an]IOTHNe « »

LTTY LT Y PP T PR LRRR. 230 PP L T T T T T S P ST R R Y T ¥ 0 P O G e g ey
SL1INSIH INIWHSITIWCIOV NOISSIW 033

97-d 3ITqTYXy

LIS ALY R R 2Ry r sy Y sy Y Yy Y Yy

280 o0 Al o 2#dVINS»9€21 2000 SOUel AVQs# vIUdde J¥41D402advIiNSee
20 #0 Al & #dVI4AeBL9G9E2 e AVUeENHLSANI» 2 Jydldeles 2d4ydes
296 #021a€ = 2dV) 3N 9GHE2 T#ENHLISUNTa] AvQa 2 J44ldales [dVdus
29 all 49 o Ha o ™ ™ 'S ® » wa ae
20 #0 29 e 9aVHAIVeEl «l Avyel AvQse Q4dlve Jd4l)aceaNvides
297 #89% 49 » Ha » » ® ® ® s #a s
20 80 89 o JaVH4IVeEl 2SSl vQdald AvOe O03dive Jdnd4ldeleablN)lSae
22 #% 42 a HaVHdIVe9 Y4 Avdal AvQe Q38lve JM4LlHaCeallY)See
281 2% 29 & d42VHdIVavE2l al Avdal AvQOe Q4alva Jd4ldecealNd|See

B RR R R RN Raa RO R RN R RRRR RN NIRRT AR ANRRRRNNRNRRRNNDORRNRNERRRRERRRRERRR

2INIa0 N4 INNaBNS ddAL &« SIWIL @ dOLS o LIHYIS oX1dWUDaX 1dW0NadeNOISSIwe

2 INNelNNaS3IQe LINN ® NNISSIwe » #1398V LaNIOTH0e o ®

AR R RN AR R RO R R AR ARR RN AR RN RN R RRRRRRRRARARNRRATRRRNNARNRNNIRRNIDNDBORS
S1INS34 INIWHSTAdW0IDVY NOTISSIW 3nTd

6Z-a ITqQTYX3

116




e~ e T T T T - - et

SRR RERB NN BRRO R R RRB RGBS OGRIRNARRRRINDRRARRRRDARRNODRRDCRRORNDRBOBRINODOCONDS

" ® » ° o ) ] 'S ® *
s 0°0= o 0°0= o 0°0- o 0O°} o *0- e ‘U~ ® °0- a °N- » »
« 0°0 *« 0°0 @« N°0 ® 0% e °0 # %0 e °0 s °9 ®* vI03Y4e
» * -« ® [ 3 L o L) » -
® 0°0 # 0°80 o 0°2 ® 0°0= @ °90 # *°2) ® °0 s °Qy ® ®
« 0°0 e 8°T1 « 0°0 e 0°0 » °GL s 0 e °0 a °Fy o 03M4IVve

#“.“".‘O.‘00‘.0“‘.“l‘t‘#“‘..‘##‘#““‘.‘#00#O#O““.“““.#‘O““‘

«3INIVANSe WYS 23ISVENIVeAIHSWSSe: [4A o 4aA o IH VA & 07 7A #X37dW0Ie

VRO BRVBIPRRPODRIRDIRIDRRRBRODDRVRRRBBONREVORNNRRRRRNRRRBORR NSNS OUI *

- X37dW0D LV SINIWITNI IVIO0L 7 Q3LIHLLVY SINIWIII ) )

Y I I XYY XXX YYYYY XY 2 2222222222 A8 X220 228 LYY Y Y
S1INS3IY NOILINLAY 3T1LVH ¥31dW0I U3y

8C-0 3ITQTYXy

DRDRVBAGEDDRRBRVRVRARRONDDR RN RRNDROIRBANREABNANGIRNNGRGS

» ® * S ' ° @ .
@ 0°21 o 0°2 # °Qy e %0 » *92 e *Qy @ ™
# 0°0 * 00 ® *°%2 e °0 @ el a *722 ® Jyd4ide

PR R R RRNRR AR RRR RN NN AN BRBONRNRRRRRRIRRIDRRRRNRRRRORORNRE

#d4IHS4ANSs AD a IH 4N & 07 4A & MV a YA oX 3NdW0d»

BRBNDRRNRNBORNRRARRDANENRARRRRORRRRRNDNRGRRRRaaRaate INTA @

# X3V4W0D 1Y SINIWITI IVLIO0L 7/ Q3ILINLLY SINIWITT » ™

Y Yl e e Y T PP Eree YT TP T Y T Y Y TY T YT YT YT YV Y Y FY YV Yy Y
SLINS3N NOTL[HIly 3INLLvd Xd1dwod INd

LT-0 ITqTYXy

117

|
1
|
|




N S TR P R

Xk g ko oK ok Sk ok kg ok ok A Ko ke R R R RN KKK KRR KRR KRRk R KRR R KRR XX AR R AR RN R

*x72°*2 *0C1 * o QVA*x * ONDO % * *1 * * #* * % I 0%
*c*? *001 * * Uve * ONDO % *1 * * * * *3dVOdA %
*6° *C01 * * aviix * ONO I * E *1 x1 * *%xdVINS*
=6 ° *C0O1 * * avix * ONO % * * *2 * * D% % SVIO*
x5° xCC1 * Dx U099 = * ONO %1 x * * x¥ * %% SVIx*
®xE° %001 * % Q009 = * ONN TI%k 1 * * 1 * x¥ * V% SVIs
*6° *CO1 * * (el ASF * ONDO Ix * * *C * * Qxx SVmMx%
x6* *CO1 * A% annNoO* * ONDTIx T *Z % * *Y * OD%% Svmwx
%6 ° *CO1 * (e} acoo % * ONO IR T * * * *1 * Bxx SVMx
x&° *#CC1 * Cx GODOx * ONO % * * * *1 x Yaxx SV Mx
*6° *001 * * gV Hix * ONQO % *1 * *Z * * HxixxVHJIIVx
*x6° *001 * H# QLG % * ONCI*x 1 x1 * * *€ * O%kxVHCIV=*
*6° *001 * Hix ao09 % * ONOIX T *0 * * *g * 3% %kVHd W %
»6° =001 * Hax ac09=* * ONOIx 1 *€ * * *E * JxxVHATIVx%
*2°2 *0C1 * Hi% annox * ONOI%0 %2 * * *C * 4% 0DS3*

¥ (HOVW)I X (MN) %k ONCk xRk e d ok FINCSH AR B KR FRRKF A XX R KKK KRR K KRR R E R kR RERKEREEEX

* ¥ 130 x 330 % XM * 430 * AONVYY %D/7Vx]IH *x0O7 = * * * *

*(J33dS * XYW =% XM % 1SHCM xIONVY % XVA *xdNSx JA x3A xMV 2xVA *»8NS*x SdAl *»

EHEER TR KKK KRR Rk KRR R KRR KRR KRR AR KRR RN R REX R KRRk kR kR

* SDO11SIXHILDVAVHD LINN * LINN ¥3d SINIW3T2 x1INN D¥4 Hx

Xk R R AR R AR R KRR X R KRR KRR R R KRR R KRR R KRR X R R X KRR AR R R
S1INN 3DH04 3INTH

6C-0 3ITQTUYXyY

118




EXRXETERREIENE IR AR SRR R REAREA AR SRR B R R XA RS RN R E R X AR R KRR ER AR XR RS RRRRS

* * * * * * = » * » = x x % *
* * * * * * * * * * * * %% *
* * * *xQ° * *€°1 »2 * 290C*»5"* *S° * $xdVINS %
*x22° =C % * = =C =0 2200°%200°%G2°® »G2°* =» O%x% SVO=»
=29€C°® 31°1 =* * * xv°C £ 1) 27 10°2£20%°%22° %02 = GBxx SVIO»
®J%* xl1°*Tl ¥ » * xf£°Y %9 29 (0°2E£20C°%L1° »91° =» Vax SVYO=»
* * 0 » *9° * =0 =0 = 2200°%52° 362 = Oax SVMs
* *1°1 =% *0°2 =x s€° 11 €1 * $GIC*%x11°® %[1°* = Jss Sk
» =zt &= ¢ %9° * x£°1 *Z * *2900*xC* L SR * ©Gxs SVYMsx
» =0 | *9°  » #.9° 1 * *£00°x0°1 *0°1 % Vasx SVMs
» 0 * * =02 *2 *2 » 2500*°%21° %[1° =2 HssVHO Vs
* #1°1 %9C°* =* «0OWE =%xL°9, >R * 22GC*#21° %G91°* % OsxaVHd W=
* *0°l =» * *1°2 %0 *0 * 22G0*=D L 2’ * Jdes¥YHA IV =
» el » * *1°2 sL°%1 *91 * 22G0*%x31° »680C* =» 2#3VHd W
* *0 * * *0 *9 *R * 0 *S2°* *50° = HS%3300S i
B ST L 32 s It s s sz 2 s T RS E S22 S22 S22 22 222 2 2 2 2 2 2 2 2 2 )
=3N1 % »3SVE I IHS*D/V # * *3NI* #* * * * *
2AAdSERYS *HIV WSS =x03XNd=* 14A *« 48A 2AT4SENYS %]l 4A 24UA *fNSx J0Al =

FEEARSRRERRBERR RS AR R AR ARSI R AR BRI ERER R XS AR A RFE AR A RB XX XX TR R XRX BRI SR 4 %

* LINN 3N »3d L1SNT *  LINN 3NTA 43¢ »  ANINITII J30 032  *1LINN 3D504%

*  SIN3IW3ITI IDvIENS A3IY  *L1SCT &lv 038 XVwWxd3d 1SO07T SLINN 3N IeP» 3N\ =

EERER IR RRAR AR RX AR RARABBX B X RRIRERRAXRXARE XX ERERFAXXBXXAX S AR EXB SRS 20 %
a3¥ ONINIViILY 3NTA 803 SDOIL1S1AVIS LINIWIOVONI

0€-d 3ITqQTYxX3m

119




Lo o s T ey wer

LR E RS2 S RS S R R R s s R R R R s 2R 2

*21 =21 *9 * 4%x20DS 3*€ 1 *2 AvQx? AVO*x QIHIVE DHILID*CxxEEIS3x»
¥h2 Hxv2 %G * 4%xH0CDS3%kneEll *1 AVQOx%1 AVCO#r» O481V* DudiD*2xx18DS 3%
* 0 *0 X1 x *xdVOINSxH 21 *CO1l SOax1 AVOx VOO3¥x DHAL1Dx0%xxadVINSex
»C *C %1 % AV 2AXRLICHE? 1 %2 AVYC%E AV Ux% * Dadid*Tx%x CdYD%x%
xEy xR ¥ 3 VT dA%BLGCHEZ 1 %7 AVOx1 AVUx% * DH41D%Ix%x 1cdV¥Ox»
»* C %0 *< * DkVHG IV *E T * 2 AVOU*x§ AVAO#x G4uIVE 2UHZ2LID%Cx%xANVIIDx%
*c1 =21 %9 * 4%k YHdTIVEE 1 *Z AVO%xZ2 AVO%x Q38IvE D410 2%%EXNHLSxs
x=h »h *C * Hi ¥ HATIV *S *2 AV Q=1 AVO*x G441VE DM JI0*2x%2HH1Sx %
*9Z xHZ %G * 4%V HATIVRYEZ L *1 AVQOx% T AVUx OQ38IV% D041D%x2%*IXelSx»

L e e e s e P s e TS

2ONIEOIHE INNEONS TJJALl * S3IANIL % d24S %* 18V1S =X WWDIEXT1dWUDI R NDISS IW%

*» MO INN*S 40% 1 IND * NOISSIw» % #1392V AExNIOT 0% % *

AR AL RKE R RN ok E kA AR RE R AR R R KR R R L Rk ARk KA AU E R RSk RN R kAR RE T AR
S1INS3IH INIFWHSTIdWODIVY NOTSSIW 3N

Z€-a 3TqTYXy

LR R LR E LR R 2Rt R R R R R R R R e R R R R R R S R R RS R R R T 2

* » * * * * * * * * x R »* %
* * * * x * * * %* * % k% x%
» * * * * * * * * * x XX x%
* * * *> * * * * * * * %% %%
* * » * * * * * * * x % %
* * » » * * * * * * * X% » %
* * * * * * * * * * * %% %
* * * * * * * * * * x X% %
* *Y 26 * 4x40D<SI%E | %G44 veax? AVAO%x G4MIVE Dadidslx*E adS3xx
* *v *Q x 4% +=(DS3xnE 21 *1 AVQx%x1 AVU*x OJNIVE Ded1D%2%%x 18IS 3xx%
*1 *1 *1 * *xd¥YONS%xHpEST *»0C1Y SOax%x1 AVO*x vOO2H% Ddd1D#0%xxdvVINSx»
»0 =1 *T » *dVIOIA*BLIOSHYEZ TxNVITIDONI* EXHLISONS* ¥ Dud1Dx1lax SadVOIx=
*C * 1 * 5 * 2dVI) AAXELOGHE TAEHMNLSONI%RT AVYQOx % DudlO*xIx%x TdvIxx
* *Y * G * OxYHYIVEE T *GY/ voaxCS VOUx O481va DIl O%ZxxNVvINDx»
x x% *9 * IxVHJI IV *E 1 *S 4 vaax2 AVUx G48IVvx DHJLIDx2CxxEHlSxs
* *1 *7 * H%xVH4 TV %9 *C /L vOOox1 AVU%R G481V x DHALDXT %2 )HulSx%
* x% *q * JxVHATIVELE 2T *1 AVOx 1 AVOsx G38Ive DodlO*xxx1X81lSxx=

EEEFERARE R R R AR R R E RN R R R AR R AR R R I RN R R R R X R AR R AR R R R R R B X

2ANNEINMNEINNFEINS SetAlL = SIANIL =*» 404 * 1MV LS X IdWOD*XT1adnUDxd*NGC ISS I =

* AQU NI *SIO2 1IMND * NCISSInx » *13OHVAIkMNIOIHC*x % *®

BEAEL XA R E R AR F RS RINER SRR B AR RS R R X R AKX E AR R AR R KRR AR IR R AR R AR R AR X%
SNVId SNOTLVA340 3INTE

1€-0 3ITqTUXy

120




AR RRERE AR E R RRE R R R B R R EE RN R LR AR AR RE XX ED % E S
»

* * * * x* * *
* 0°*2C1t * 02 * °8BY = *°0 * *%e x °*Py * %
* 0°0 * J°C 2 °A1 * °0 * °L *x °9 % DJ¥dlid=»

EXRRERR KRB REE RN R R R R KRR AR AR R KRR R R E XK

*d1HSdNSx AD * IH JA x 0O 4A = »y * VA *X3INAN0D*

RAXBERREFRREEEP SRR R R R R Rk bk Rk kR xxk ke xekhxk INVE *

* X3WdWO0D 1V SININII3 IVIOL /7 Q31 Tdlilv SIN3NIII % *

REERB AR ARRERREEBRE R R RER R R KBRS RN R AR R R R AR KRR
SLINS3IY NOTLI¥MLILY 2711ve X3ATdNOD 3INTH

—

%€-A ITqQTYXy o
AR EKEREE R EEFEFR AR AR R R KRR AR AR R KRR R RRE R R R XAN SRR AR &
*0 *0 =*2 * * WSSxE 2 *0S vOoaox2 AVA%x D541D% VOU3u*0%*x1HNSSx %
*012%9G2#91 x * INS%xPLOSHECTI%01 AVOx1 AVO* * OQJUIVxIxx 1171Sx%
6 %21 %€ * Vi 3THAREC *GS voax1 AVUx DH44D% (038]1vxZ*x%x IA3uUdex
*x2 xv *7 * V% 48AxEC *0G vOQx7 AVOx D¥41D* A38IvxIxslHIBAxS
EFERRERR RN RE R KRR KRR RFR AR AR R B AR EF AR RAE R IR FRERRR R RR RS RE AR AR R %
*ONIAXOTax INNEONS TdAL * SIWIL =% dD1S * 18V 1S X 1dROD2XTIdWUDxd¥NOISS IN=
* AINNx INC RS IO* 1INN *# NOISSIwx * x130OUVLINIOD]IMLx % ]
AR A AR R R RRRXIRRRR R R AR AR R R R AR B R R R R KRR R TR R AR R AR KRR KRR RN R RS

S1INS3H INIWHSI TcdWUIDOV NGISSIKW a3
€€-d 3ITqQIYXy
- — N




HEXARAKE NSRRI AR R R E R IR R R R G R AR R AR SRR R R MR R I AR R R IR RS R AR R RN R R
* * * x * * * * * *
R0 S0S gEO Ce SR 018 0 =R O/ 9AT * °0- * °C- ¥ *0- * *0- * *
*x 0°0 * 0°0 * 0°0C * 0°0 *x *°0 *x °C * °*°0 x °0 * vOQ3Mx
* * * * * * T * * *
* 0°C * C°*°RB1 * 0°¢2 * 0°0- x *°9¢ ¥x o2k * °*°C *x °QY * *
* 0°*Q x* C°*°&1 * 0°0 * 0°0 * *%9 x °*°1Z % 20 *x °9¢ * G Ivae
*.3::!._**&**»**4*******&********444»..:»r**u.f:..f.:;_.:._f:u4»«;«.:_._.:...:5_.3..:!'
*3N 17dNS % rvS SVYAHIVXxdIHSWSS* 1 3A * 4€1A 2 IH VA x 01 VA X3 7dW0OD=*
:_,.::::..::&*&_.:;*&**&44&&&*&&4&»;4;4;*'*&**_**»*‘_&44*&;;4’*4'*3:_. C3:  *
* XAGWOD LV SIN3IKIII WIDL ~/ G311¥11v SIN3IW3I3 *

FEAKE R KRR KRR RN R R R KR AR B R PR R KRR AR R R KRR R RN Rk il&lli!l.”l’
S1TINS3Y¥ NOTLAIHALY 3IAVE XIWWOD UM

SE€-a ITQTYXI

N
N
—




e

Appendix E

TEST SUBJECT'S COMMENTS ON THE OUTCOME CALCULATOR
APPROACH IN DECISION AIDING IN STRIKE WARFARE

123




Appendix E

TEST SUBJECT'S COMMENTS ON THE OUTCOME CALCULATOR
APPROACH IN DECISION AIDING IN STRIKE WARFARE

A. H. Clancy, Jr.
9 March 1977

I don't believe that I have to belabor the fact that today's world

is exceedingly complicated. The number of nations that now exist-the so
called Third World countries-the changing sponsorship-the improvement in
communications, surveillance and intelligence-all clamor for a multitude
of contingency plans-all of which must be routinely up-dated. 1 believe
it is also obvious that the cost of personnel is taking such a large per-
centage of the Defense Budget that there will be continuing efforts to
reduce people numbers., If the trend of the last five years continues,
the first target will be '"staffs" or what is considered overhead, The
result is that there will be insufficient personnel to give more than lip
service to the planning that must be done, This suggests that there must
be some innovative thinking done to cut out or shorten the massive amount
of paper work that confronts the planners. This very short rationale would

seem to support some type of machine assisted decision aiding system.

After reviewing the NWRC triad of choices, I have concluded that I
need not worry about your specific choice of systems for comparison pur-
poses., The choices were really generic; i.e., non-automated, automated
with an inflexible program and automated with a flexible program. It is 2
almost axiomatic that one would choose the third choice, if it were man-
4. ageable.

Pencil, Paper and Pub Method

I don't want to discount this method for it appears to me we should

never lose this capability. Some ships may not have the applicable com-

puter, computers fail, ships incur battle damage with power failures,
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unique situations occur-all these demand some back-up capability to "con-
tinue the battle'". Nevertheless, under normal operating conditions this
method is archaic and slow in developing the initial plan. It is almost
impossible to introduce a change and produce an immediate reaction. In
an era of rapidly changing world events, supersonic aircraft and cruise

missiles, this slow reaction time is unacceptable.

Combat Simulation Model and MWRC OC Model (SOC)

The obvious deduction, if you accept the comments about the Pencil,
Paper, Pub method, is to develop a computer assisted method. I'm going
to lump my comments on the C Base II method and the SOC method together
since, in general principle, they are similar. Both serve to provide a
computer analysis of the outcome of a defined battle problem. The signif-
icant differences lie in the purpose for which they were constructed, the

detail, the flexibility and the ingenuity of the analyst.

The Combat Simulation Mode, I suspect, is used to compare US aircraft
against foreign aircraft under relatively fixed conditions, so that con-
tinuing comparisons will be valid, 1It's much like correcting all your
data to standard conditions. As illustrated, there are many inputs, and
the model suffers from too much detail and too little flexibility. If a

model is to be used, it must be broad enough to cover many situations,

accepting perhaps other compromises, so that the TFC can use it frequently.

If it is too narrow, it will remain in the file.

If one accepts the need for the machine assisted aid-and the require-
ment for flexibility-then the SOC design appears to be a first step.
Withoug referring to your outline, I'm going to list the things that I
can think of that a TF should be able to do on offense and defense, re-

gardless of scenario.
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OFFENSE

Attack !

Submarine and submarine launched missiles (latter i
perhaps defensive)

Surface ships i
Aircraft

Land targets (which can be attacked under the purpose of
air superiority, interdiction, amphibious support) r

SAM and AAA sites-listed separately because of special
nature

DEFENSE u

Defend against i
Sub launched missiles and torpedos
Surface guns and surface launched missiles/torpedos

Air launched bombs, missiles and torpedos

There are other specialized missions like photo and EW collection which
may be simple enough to be handled manually.

It appears to me that if the above elements are included in a
Model, then the scenario could be anything since you have covered all the

capabilities of the TF in the program,

My point in going through this mental exercise is to convince myself
that this approach is flexible enough that it would have utility whether
in the Eastern Mediterranean, Indian Ocean or China Sea. It appears to

me that the approach is valid.

I'm not going to dwell on detail, If the Fleet is interested, the
inputs and outputs will be driven by their suggestions. I will comment
on some other aspects we have touched upon-no particular order of pri-

ority.

Flexibility

I like the flexibility of the SOC-the ability to test the '"what 1ifs".
The system simply can't be hard wired. The flexibility feature can be
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used all the way from deciding a deck-loading for a deployment to planning
an individual strike., It immediately simplifies the development and up- 1
dating of contingency plans. I can envision a '"short form'" contingency 4
plan which will simply show a brief scenario and then a computer runout |

of various options with outcomes. This would be very easy to update if i
the situation changed. ]

Sophistication P

I will echo that the SOC should not strive to provide results that
are more accurate than the inputs. There are too many non-quantifiable
factors like, training, fear and luck that make the outcome approximate '
at best, What is required is an order of choices and a knowledge of to L
what degree a change in one factor changes the outcome. I emphasize your
statement that the routine must be transparent enough for the TFC to under- ?
stand the number generating procedures, The Interactive feature is also
a must, If the TFC has to wait very long for an answer, I believe he will i

revert to a judgment decision, in times of emergency. The on-line feature

is very appealing.

Training

To use this system to best advantage requires that it be woven into
the pattern of operations. It can't be something you play with during
peacetime and then forget when things get hot. I would recommend that

the Ops and Plans officers plus two junior officers have detailed training.

This would include a detailed knowledge of the program and several hours
of operation of the system under various scenarios. The TFC and the COS
should have the "Executive" training course in order to understand the
program capabilities and limitations. This course would provide some

"hands on" training to see results and gain confidence. i

Electronic Warfare

I believe the next conflict will see EW play a much larger part than
it has in the past. As I see the SOC, the effect can be an input as a
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modifier to the various effectiveness factors., Nevertheless, when the
program is presented, this should be mentioned (if true) to show that it

has been taken into account.

Compatibilit

The concept of the SOC is certainly compatible with the concept of
the Task Force Command Center. As a matter of fact, I would suspect that
the data base already exists. The Recon and Intelligence data base already
has the capability of being up-dated for the theatre of operations in
which the Task Force is steaming. It certainly would be no problem to
store whatever effectiveness tables are necessary (assuming there is
enough storage!). The program should be made compatible with the standard

shipboard computer.
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