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ABSTRACT: The objectives of the research reported here are to develop
an automated decision process for real time allocation of
defense missiles to attacking ballistic missiles in general
war and to demonstrate the effectiveness of applying heuristic
learning to seek optimal ity in the process. The approach is
to model and simulate a missile defense environment and
generate a decision procedure featuring a self -modifying,
heuristic decision function which improves its performance
with experience. The goal of the decision process that
chooses between the feasible allocations Is to minimize
the total effect of the attack, measured in cumulative loss
of target value. The goal is pursued indirectly by con-
sidering the more general problem of maintaining a strong
defense posture, the ability of the defense system to protect
the targets from both current and future loss.

Using simulation and analysis^ a set of calculable features
are determined which effectively reflect the marginal
deterioration of defense posture for each allocation in a
time interval, A decision function, a linear polynomial of
the features. Is evaluated for each feasible allocation and
the allocation having the smallest value is selected. A
heuristic learning process is incorporated in the model to
evaluate the performance of the decision process and adjust
the decision function coefficients to encourage correct
comparison of alternative allocations. Simulated attacks
presenting typical defense situations were cycled against
the decision procedure with the result that the decision
function coefficients converged under the learning process
and the decision process became increasingly effective.
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I. INTRODUCTION

This paper reports an artificial intelligence approach to the

military command and control problem of real time allocation of defense

missiles to attacking ballistic missiles in general war.

The defense missile allocation problem is representative of a large

class of so called "ill-structured" management problems whose complexity

places them beyond the scope of the powerful operations research algorithms

which are iterative by nature and easily adapted to digital computers.

The impetus for studying the particular problem is that the real time

aspect and extensive sphere of relevant data in an attack-defense en-

vironment makes it unreasonable to expect a human decision maker to

remain abreast of the developing situation, which suggests that an auto-

mated decision procedure must be an integral part of a defense missile

system if allocation is to be made in a systematic, optimum seeking way.

The objectives of this research are to develop such a decision procedure

for the allocation of defense missiles and demonstrate the effectiveness

of applying heuristic learning to the solution of ill structured oper-

ations research problems. The approach is to simulate a missile defense

environment and generate a decision procedure featuring a self-modifying,

heuristic decision function which improves its performance with experience.

1.1 Objectives and Approach
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1
1.2 Background: Artificial Intelligence

The development of general-purpose digital computers has brought

with it a significant research effort toward the mechanization of

decision making processes. Computer programs have been implemented

which prove theorems, select stock portfolios, recognize patterns, play

board games and perform other tasks which, if accomplished by humans,

would be considered as requiring the use of intelligence. The accomplish

ment of intelligent activity by computers is what is generallyknown as

Artificial Intelligence, and the goal of artificial intelligence research

I
I
I
I
I

is "to construct computer programs which exhibit behavior that we call
2

"intelligent behavior" where we observe it in human beings". Such

programs cannot respond in a stereotyped manner to all situations but

must condition their performance to the stimuli of the task environment,

often to the extent of recognizing the quality of their own responses

and initiating internal adaptation to enhance future effectiveness. I
IA major effort in artificial intelligence research has been toward

the discovery and application of heuristics. The word heuristic has

various interpretations but most commonly refers to a rule of thumb,

method or trick which improves the efficiency of a problem solving

system often at the expense of a guaranteed best answer. Examples of I

Only those elements of Artificial Intelligence which are directly
applicable to this research are discussed. For a more complete, but-
concise, look at the subject see [l], especially the introduction to
Part I and Minsky's Steps Toward Artificial Intelligence, pp. 406-450,
in Part 3. This volume is a collection of research papers describing
the more Interesting developments in artificial intelligence up to 1962.

I
I
I

2Feigenbaum [l] p. 3°



j

3

I
I
I

heuristics abound. "Buy from the lowest bidder" and "always vote a

straight ticket" are two which indisputably ease decision making, but

admittedly do not always lead to the best results. When playing games

people develop heuristics which seem to work pretty well much of the

time, such as "always check, it may be mate", "never open with less than

thirteen points" and "protect the queen at any cost", and eliminate

large numbers of options which would otherwise have to be considered.

A "heuristic program" is a program employing heuristics to solve problems.I
I
I
I

Any problem sufficiently structured to permit the identification of

all possible solutions and having a means of comparing them can be solved

by simply generating all the solutions and selecting the best one. Un-

fortunately, this is impractical for problems of any size. A classic

example is the exploration of all paths through a checker game, which

40involves 10 move choices and, at 3 moves per millimicrosecond, would
21take 10

"

centuries to consider, (Samuel, [10]). Furthermore, many, if

not most, important decisions relate to problems with insufficient

structure to discern every solution or to yield an analytical means of

comparing alternatives. Just as the human decision maker applies

heuristics (rules of thumb) and intuition to determine a course of action

under these circumstances, so must an automated decision process. It is

important to note that heuristic methods do not guarantee optimal solutions

or, for that matter, any solutions at all. "All that can be said for a

useful heuristic is that it offers good enough solutions most of the

time" . They do provide a capability to determine solutions to problems

I
I

I Feigenbaum, [l] p. 6.



4

I
Iwhich are either impractical to solve by rigorous methods, using

algorithms, say, or for which no such methods are available.

Unlike its human counterpart who may develop decision rules over

time from experience, the automated system must rely on the designer to

specify a set of heuristics and when and how to apply them, (at least

within the current state of understanding). However, it has been

demonstrated that they can sometimes be so defined as to permit in-

ternal modification which improves their efficiency and problem solving

ability. The modification procedure is usually based on an analysis of

past performance and, appropriately, Is called "learning".

I

I
I
I

Learning is an important aspect of artificial intelligence and is

exploited in the decision process developed later in this paper. An

idea behind learning in problem solving programs is that to solve a new

problem it is usually wise to try methods that have worked on similar

problems in the past. Two approaches can be taken. One is to generalize

on previous experience, learning by generalization, and the other is to

retain past situations and retrieve them as needed to fit a problem at

hand, rote learning. Rote learning has not proven very useful, apparently

because of the storage and retrieval procedures required and the diffi-

culty of resolving non-exact matching conflicts. Generalization has

shown much promise and is used, in a specific form, in the development

of the missile allocation decision process reported herein, so it will

be discussed in some detail.

I

I
I
I
I

See Samuel [10], Feigenbaum [2], Selfridge [12], Minsky [6].
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I
Suppose there are several elements in a decision procedure, each of

which contribute to the outcome of a problem solving attempt. It is

possible to generalize on the decision procedure by using a reinforcement

operator which, if the outcome is "good" in some sense, will increase the

prominence of those elements contributing in a positive fashion to the

selection of the outcome and, if it is "bad", will do the same for those

elements which contributed in a negative fashion. Theoretically, after

repeated training sessions using the reinforcement operator, the decision

procedure will have attained the proper correlation among its elements

and thereafter provide consistently good solutions to new, but similar,

problems.

I

I
I
I

A learning system to accomplish this result must contain a mechanism

to trigger responses from the decision process and remember what role

each element had in selecting the outcome, and a trainer to analyze the

result and instigate appropriate reinforcement. Two systems are shown

graphically in Figure 1.1. In both of these the same general flow

prevails. An environment sends a stimulus to the decision process which

makes one of several possible responses. The reinforcement mechanism

remembers which elements entered into the outcome and how. The trainer

analyzes the outcome and sends a reinforcement signal which increases or

decreases the tendency to make the same decision to the same problem in

the future. Note that the trainer need not know how to solve problems,

but only to recognize good or bad outcome.

I
I
I
I
I

In the controlled learning system, (a), the supervisor acts as both

the triggering mechanism, by establishing the training environment, and
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I

I

I

I
Figure 1.1 Two Systems for Reinforcement Learning

I
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as the trainer. This system permits a maturation of the decision process

under strict control to avoid instability, i.e., large, alternating

changes in the correlation of elements, especially in the early stages

of learning. The operational learning system, (b), utilizes stimuli

from the real environment, which may be altered by responses from the

decision process, and is subject to the whim of nature and the ability

of the trainer to recognize good and bad responses.

There is a principle underlying difficulty in the design of

decision processes with the ability to learn and that is the assignment

of credit for reinforcement. Which elements are to be reinforced and by

how much? In a complex decision process each element may have been

applied many times in many different situations as sub-problems were

solved or partial solutions generated. For example, in the game of

chess the elements would be strategies and rules of thumb, e.g.,

"always check, it may be mate", which are applied hundreds of times,

sometimes with success and sometimes with disaster, until finally, the

game is won. To which elements go the credit?

I
I

One method of surmounting this difficulty that can be used with some

decision processes is to reinforce at the subproblem level, (such as

single move generation), where the effect of individual elements are

more directly identifiable. The problem here is discerning good out-

comes from bad since the ultimate effect of a subproblem decision on

the final outcome is generally not clear. Nonetheless, there is at

least one example, the Samuel's Checker Playing Program, [10], where
I
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I
5this method has been employed with great success. Briefly, this

program evaluates a scoring polynomial, whose terms are properties

based on the usual checker concepts, to measure the apparent goodness

of each board position encountered. After an exchange of moves, the

same board position is re-evaluated using the additional Information

available and the current and previous scores are compared. If the

current score is greater than the previous score the coefficient of

terms entering positively in the previous score are increased and those

negatively are decreased. Opposite reinforcement is applied if the

current score is less than the previous score. This learning technique

for improving the board evaluation procedure has contributed significantly

to the real time performance of this program which ranks with the top

checker players in the country.

I
I
I

1.3 Artificial Intelligence and Operations Research

Heuristic programming is not a new concept in Operations Research.

There currently exist heuristic programs which, to name a few, balance

assembly lines (Tonge [15]), sequence jobs in job shops (Schwartz [llj) ?

locate warehouses (Kuehn and Hamburger [s]) and solve the Travelling

Salesman problem (Karge and Thompson [4]). These efforts could be

construed as evidence that artificial intelligence is, in some sense,

contributing to operations research. However the heuristic programs

which solve operations research problems are limited to the systematic

I
I

5

'

In fact, the Samuel's program was a pioneering work, and the most
successful to date in sub-problem reinforcement.

I



application of static, albeit clever, heuristics and include none of

the potentially powerful aspects of artificial intelligence, namely

learning, planning, pattern recognition and induction. A possible

exception is Tonge' s Line Balancing Program, [15], in which a form of

planning is used.

It has frequently been proposed that operations research is very

powerful at the foreman level but of little use to the executive whose

problems are not well structured. By the year 1957 the advance in the

state of the art of artificial intelligence was so rapid that in

November, speaking before a banquet at the 12th National Meeting of the

Operations Research Society of America, H. A. Simon, himself a leader

in the field, was prompted to say:

"We are now poised for a great advance that will bring
the digital computer and the tools of mathematics and the
behavioral sciences to bear on the very core of managerial
activity--on the exercise of judgement and intuition; on
the process of making complex decisions... The way is now
open to deal scientificallywith ill-structured problems.""

Some progress has indeed been made. Tonge [l4], reported on

applying the Newell, Shaw, and Simon General Problem Solver (GPS)

successfully to the assembly line-balancingproblem in 1963. And

Clarkson, [0] built a model of a trust Investment officer which

closely matched the portfolio selections actually made by the individual

Newell and Simon [9].

7 The General Problem Solver is probably the most significant contribution
to simulating human problem solving processes. Newell, Shaw, and Simon
[7] and Newell and Simon [9].

I



10

in real situations. But, by and large, the use of artificial intelli-

gence as a base for attacking ill-structured problems has not yet been

extensively exploited.

I

1.4 Defense Missile Allocation: An 111-Structured Operations Research

Problem

At some point in the future, nations will have missile defense

systems to counter nuclear armed, ballistic missile attack from their

foes. Just when it will occur is an open question at this time, but

there is little doubt that it will, in pace with technical advancement

and political justification, and that the initial systems will employ

non re-useable weapons, such as anti-ballistic missiles.

I

Suppose a missile defense system is operational; that is, the weapons

and the detection, communication and control apparatus required to

selectively employ them are in position and committed to the defense

mission. At the moment hostilities commence, the design and configu-

ration of the system become static. The location of defense missile

sites cannot be changed. Neither can the number and type weapons

assigned to these sites be changed. Every element is static except

the defense strategy itself; how the available weapons are to be allo-

cated among the incoming ballistic missiles.
I

The operations research problem, then, is to determine an optimal

strategy (allocation procedure); optimal in the sense that it minimizes

the total effect of the attack on the targets defended by the system.

The realization of the strategy consists of discrete decisions (missile

assignments) which are sequential over time and based only on information

I
I
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available at decision time. Regardless of the structure of the function

reflecting "total effect", at decision time the influence of decisions

on this function is generally not measurable. For example, in Figure 1.2

if defense missile D2is used against attacking missile AI at time T,

the probability that AI will strike target A will be much lower than if

AI was unmolested by D 2and engaged by Dl, since, if D2was unsuccessful,

Dl could still be useable against AI. However, by apparently reducing

the real effect by thorough coverage of AI at time T, it may well be

that the opposite has occured as a result of depleting the D 2supply and

thereby jeopardizing the defense of B and C from A2and A3, respectively,

at time T + t.

I

Any approach to this problem using existing techniques of mathe-

matical programming under uncertainty must include a determination of

the probability functions measuring the uncertainty. This is an

unsurmountable obstacle, disregarding purely artificial specification

The recourse is heuristic programming.

A particularly simple heuristic program that is repeatedly used in

military situations contains a single heuristic, "Shoot when you see the

whites of their eyes." That is, engage whenever possible under the
8

dictates of detection and weapon capability alone. The advantage of

o
Because of the prevalence of this approach in command situations, it
is used as a base for measuring the relative effectiveness of the
procedure developed in Chapter 3.

1.5 Some Heuristic Approaches
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this approach is that individual missile sites need not await confirmation

from some central authority to engage a missile within their area, thus

reducing reaction time and eliminating danger of noisy signals and

communications failures. The price of this independence is the inflexi-

bility of strategy which foregoes capitalizing on developing situations.

Given sufficient numerical superiority in defense this approach might

indeed be optimal, however it is difficult to visualize that circum-

stance.

Under the central control concept the typical heuristic program

will attempt to conditionally combine rules of thumb about various

aspects of the defense-attack environment to make allocations. The

success of this type program depends entirely on the ability of the

designer to discover good heuristics from human analysis of the problem

Now, if a method for permitting the program to adapt its decision

process from its own analysis of the environment can be developed, the

performance may be greatly improved. Possible ways of doing this are

suggested by the research with game playing programs in artificial

intelligence.

1,6 Game Playing Approach

The missile attack-defense situation is similar to two-person

board game playing, checkers, chess, kalah, etc. In a board game, one

player makes a move. The other considers the many moves he can make,

weighs each in some fashion normally involving looking ahead (if I move

there and he moves here and etc. ) and finally selects a counter move.

Then it is the first players turn, and so on. Each move is governed
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by well defined, strictly enforced rules and effects the posture of

both players for pursuing their goals, but the net influence of a single

move on the outcome, win or lose, is obscure. As the game progresses,

each player adapts his strategy to exploit weaknesses in his opponents

play or to overcome deficiencies in his own. He may also adjust his

procedure for selecting moves as the opponents strategy is identified

or as phases of the games dictate, such as opening play or end game.

In defense-attack, the offensive party selects a strategy for

destroying targets and initiates attack by launching ballistic missiles.

Due to real problems in missile launching, location of missile launch

sites and the attack strategy, the attacking missiles enter the defense

domain sequentially over time. At some instant the defensive party

observes those missiles within, his domain (the offensive move),

considers the possible responses and selects a specific missile allo-

cation (the defensive move). On looking again, he observes new missiles

(the next offensive move) as well as those remaining from previous moves

and the allocation process (move selection) is repeated. Meanwhile,

the offensive party observes the effect of his strategy and, if

possible, adjusts it to exploit weakened defense lines, compensate for

weapon loss resulting in unaccomplished missions or otherwise improve

his attack posture. Although no well-defined rules control the play,

relevant actions are bounded by physical constraints, (weapon location,

capability and numbers, target location, etc, ) and causality laws, such

as "destruction requires engagement."
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Consider the following heuristic approach, suggested by game playing

research in artificial intelligence directed toward understanding human

decision making and learning processes, [lO]. At each decision point,

evaluate the resulting defense posture

cation using a function of calculable

(or at least useful) properties of the

number of undefended targets, relative

for each feasible missile allo-

features" measuring critical

immediate environment, such as

depletion rates among sites,

expected loss, etc.; the evaluation should include looking ahead.

Select the allocation yielding the "best" result. As the attack progresses,

review past decisions by considering the additional information received

since they were made. If the past decisions are not consistent, that

is if the allocation selected at that time differs from the allocation

which would have been selected had the subsequent information been

available, then adjust the evaluation function so that it will be more

likely to make the better decision if faced with the same problem again.

The adjustment seeks to improve the discrimination among allocations and

adapt to offensive strategy as it develops. Note that the evaluation

function not only executes but also establishes defense strategy through

the adjustment process.

Clearly, the overall performance of this approach is dependent on

the particular features used in the evaluation function. However, the

internal adaptability of the evaluation function provides, at least

theoretically, the capacity to do the best possible under any given set

of features.

The remainder of this paper is devoted to modeling the defense

missile allocation problem and developing a heuristic program using the

above approach.
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11. THE ATTACK-DEFENSE ENVIRONMENT

2.1 A Missile Defense System

In this section a missile defense system is described which is

technically consistent with current developments in electronic and space

technology. No attempt has been made to design an optimal system and

-references to specific items of hardware are exemplary, only. The in-

clusion of the central control, concept and area defense is dictated by

the research goal, for without either one of them the capability for a

flexible response is eliminated and, hence, so is the allocation problem

9as defined.

A missile defense system consists of four functional subsystems and

they are detection and tracking, engagement, control and communications.

The task of the detection and tracking subsystem is to detect

attacking missiles as soon after launch as possible, well outside of the

defense area, and actively track them, that is continuously determine

their position, as they enter and progress through the defense area. A

familiar example of a detection capability is the United States' Ballistic

Missile Early Warning System (BMEWS), a chain of radar stations across

the Arctic with the ability to detect intercontinental ballistic missiles

"over the past three years articles, too numerous to identify individually,
discussing the U.S. and U.S.S.R. activities in the missile defense area
have appeared in Aviation and Space Weekly, Missiles and Space Digest
and other national publications. An excellent overview of the U.S.
Nike-X approach is G. A. Boehm's article, "Countdown for Nike-X", in the
November 1965, issue of Fortune, p 133- He discusses both the system
operation (the pictorial representation on page 134 of a local defense
configuration is of particular interest) and the economic and political
considerations .
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approaching the Western Hemisphere from the Sino-Soviet land mass. The

tracking mission requires sufficient numbers of tracking sites to provide

multiple coverage on all incoming vehicles to avoid loss of acquisition

and permit determination of exact trajectory, velocity, mass etc. From

this data, the impact point of the warhead can be calculated and the

weapon yield estimated. A particular offensive tactic significantly

effecting tracking is the use of decoys to confuse the defense system.

Two methods are suggested in unclassified literature. The first is the

use of non-productive warheads, i.e., warheads without a nuclear weapon,

to cause the defender to waste his defense missiles and generally saturate

the system. The second is to surround a productive warhead with a "cloud"

of decoys so that it is difficult for the defender to identify and destroy

the real weapon. In the system postulated here the resolution of the

decoy problem is a responsibility of the detection and tracking sub-

system. The output from this subsystem is clean data specifying the

position, trajectory and impact point of each attacking missile in or

approaching the defense area.

In military terminology, "to engage" means to intercept and destroy.

It is the function of the engagement subsystem to actually destroy an

attacking missile on command. Assuming the defense weapons are anti-

ballistic missiles with nuclear warheads, destruction is accomplished

by launching a weapon, guiding it within killing range of the hostile

vehicle, and detonating the defense weapons' warhead. Defense missiles

are located at missile sites, where several missiles are within close

enough proximity of each other to be controlled by a single guidance

device, say a ground based radar facility. There are two general
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approaches pertaining to the engagement subsystem and they are local

defense and area defense. For local defense, missile sites are located

in the immediate vicinity of a specific target area and are equipped

with short range, quick response weapons which can engage hostile

vehicles attacking that area just prior to their reaching the target.

Aside from enabling the concentration of defenses in particularly vital

target complexes, like heavy population areas, this approach helps

reduce the effect of the cloud decoy tactic. As the cloud re-enters the

atmosphere the decoys decelerate more rapidly than the heavier nuclear

warhead, which then can be identified and the quick response missile

dispatched to destroy it. Area defense distributes missile sites

strategically throughout the entire defense area to engage attacking

missiles before they approach the target areas, thus contributing to the

defense of many target areas from each site. With area defense, incoming

missiles may pass within range of several sites thereby allowing for

back-up if an engagement is unsuccessful, and for defense options on

selecting a site from which to engage. Clearly, it is area defense that

permits a flexible response, thus creating the need for an optimal allo-

cation process.

The function of the control subsystem is to analyze all information

relevant to the attack and initiate appropriate defense actions. Relevant

information includes intelligence estimates of enemy capability (such as

number and location of weapons, missile range and nuclear yield of war-

heads), possible attack, strategies, current data provided by detection

and tracking, defense system status, (such as number and capability of

defense missiles at each site and the status of the targets within the
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defense area), and specified defense strategies. Appropriate defense

actions are to engage an attacking missile immediately from some par-

ticular site, to delay the engagement decision or not to engage at all.

The defense system envisioned here has a central control to make all the

allocations and initiate all engagements by communicating the necessary

information to the selected missile sites.

The communication subsystem provides for the flow of information

throughout the entire defense system.

The massive volume of data processed by each subsystem and the

press of real time operation will require the use of very large, fast

digital computers which can communicate directly with each other via

core to core transfer. Data analysis and real time decision making

will be automated. The human element will maintain command authority

through man-machine communicating devices by imposing general strategy

guidance or selecting from predesignated tactical options (such as

identifying targets not to defend or missile sites from which to hold

fire) but the bulk of command and control will be done by computer.

The targets within the defense area Include population centers,

industrial complexes, military installations, hydroelectric plants,

communication facilities, transportation lines, bridges, port facilities

and elements of the defense system itself. Each target has a designated

type which identifies the principal resources located there, such as

"population", "population/ industrial", "strategic" and "defensive/stra-
tegic". Each target also has a number associated with it which is a

measure of the value of the target with relation to the other targets.

This value may vary either with time or defense strategy. A nuclear
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retaliation installation would have a high value until all weapons were

launched, and a much smaller one thereafter. A strategy concentrating

on minimizing fatalities would place a much higher value on population

centers than would a strategy for retaining military capability. Target

value, as an adjustment parameter, plays an important role in the

identification and implementation of defense plans by providing for a

shift of emphasis between targets.

From the defense standpoint, the physical elements of the attacking

force are the ballistic missiles of the enemy, initially as described

by Intelligence estimates of their location, range and payload and

ultimately as they are detected and tracked within the defense area.

Note, that no overt action is taken by the defense system until the

attacking missile physically enters its domain. In particular, the

defense system described here does not include destruction of enemy

vehicles at their launch sites although intelligence about pre-launch

kills by friendly strategic forces can play a role in the defense

decision process.

2.2 The Offense

A strategic nuclear attack is initiated to support national

objectives and is intended to accomplish sufficient destruction of an

adversary's national resources to permit the objectives to be realized.

The overt action taken by the offense is to detonate nuclear warheads

on selected targets using available delivery systems according to a

plan designed to achieve the established goal with high probability.

As with the defense, the offensive posture is completely established



I
I

21

I
I
f
I
I
I
I

when the attack commences, since the time span of interest precludes

modification, and may only deteriorate from that point. Only the plan

remains dynamic (at least theoretically) and is the instrument by which

changes in objectives or strategic necessities are reflected.

The offensive plan is reflected in the type of targets attacked.

For example, if the objective is to render ineffectual the military

capability of a nation, the attack plan would certainly require placing

weapons on military installations and transportation systems including

ports, airfields and rail centers. Genocide, however, would initiate

an attack on population centers and possible ignore the military

installations except as they are co-located with population type targets

In general, an offensive plan will select certain types of targets and

concentrate the attack on them. The term "type of attack" used in this

paper refers to the type of targets under attack and is used as an

indication of the attack plan being employed by the offense.

I

I
The delivery system of interest is the ballistic missile. The

effects of other systems, (such as aircraft carried bombs, aircraft

launched guided missiles and orbital vehicles') during an attack must

be reflected in both the defensive and offensive tactics, but it is an

implicit assumption that the missile defense system described in 2.1

is ineffectual against them; other defense measures are needed. The

ballistic missile is positioned on a trajectory to the target during the

powered phase of flight; thereafter, minor course deviation corrections

may be accomplished by an onboard inertia! guidance system. Depending

on the effect desired, the warhead is detonated at an altitude above the

target, on ground contact or underground.

I
I
I
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(iii) Control evaluates the data for each AM to determine its

terminal point and which defense missiles (hereafter abbreviated DM)

are capable of engaging it prior to reaching the terminal point. Note

that a terminal point may not be one of the targets identified In the

defense system.

(iv) Control analyzes available information on the immediate

situation, expectations of future events and pre-specified defense

strategies and decides which DM (if any) to allocate to each AM at the

present time.

(v) The decisions to engage are communicated to the appropriate

DM site and the DM is launched against the AM.

(vi) If the DM Is successful or the AM reaches the terminal

point, the AM is no longer in the system. AM's not destroyed advance

along their trajectories, new AM's enter the system and the cycle

returns to (ii).

I
I
1
I
E
1
I
I
I

I
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2.3 Activity Flow

The overall flow of activity in an attack-defense situation can be

described formally as follows.

(i) An enemy chooses an attack goal and launches ballistic missiles

against applicable targets in accordance with a plan specifying timing,

missile-target pairing, etc.

(ii) Attacking missiles (hereafter abbreviated AM) are detected

by the defense radar network which calculates their trajectory and

impact point and continuously communicates their position to the central

control.
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(vii) As the attack develops, the enemy may either change to

another attack strategy or adjust his plan to capitalize on weaknesses

in the defense system, reallocate his missiles among remaining targets,

etc.
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111. THE PROGRAMMED MODEL - ACTS

3.1 Introduction

The method used to investigate the effectiveness of an adaptive

defensive missile allocation process was to actually implement an auto-

mated central control and a training program to operate and guide it on

the Burroughs 85500 Information Processing System. This program has

the acronym ACTS taken from Automated Control with Training Supervisor.

An overview of ACTS is depicted in Figure 3.1. The heart of the

program is the Central Control System which utilizes a structured model

of the attack-defense environment to interpret the action, and has a

missile allocation procedure embodying the heuristic decision making and

learning approach discussed in section 1.6. The Training Supervisor

simulates the real world, including attacks against the defense system

and results of engagements, monitors the allocation procedure and

modifies the decision function to improve its performance. In this

chapter the environment model is developed and definitions, heuristics

and data files used by ACTS are presented. Finally the program, which

is the realization of the model, is described in some detail. The

learning process is explained in Chapter IV.

ACTS is programmed in the programming language "Burroughs Extended

ALGOL for the B5500". A program listing and specifications are provided

in appendix A.
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TRAINING SUPERVISOR EXTERNAL DATA SOURCE

1 Simulate attack environment. I. Defense system structure

2

3

4

Cycle Operational System. 2. Radar data.

Select basic heuristics. 3. Intelligence sources.

Adjust evaluation polynomial.

Figure 3.1 Functional Overview of Acts
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CENTRAL CONTROL

I — "—' 1Environment Interpreter

1. Communicate with external environment.

2. Maintain data files.

3. Generate plausible defensive actions.

Data Files

±
Decision Routine

1. Generate defense alternatives.

2. Evaluate defense alternatives in light of
plausible defense actions.

j 3. Select immediate defense actions.
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3.2 Modeling the Environment for ACTS
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Like most other real world situations the attack-defense environment

cannot be represented exactly by a computer program, hence it is necessary

to construct a model of it that can. be so represented. The purpose of

the model is to impose sufficient structure at a sacrifice of detail,

yet maintain the essence and all critical features of the problem.

In the real world problem being modeled events occur in three

continuous space dimensions and one continuous time dimension, i.e.,

attacking missiles enter the defense system at any instant of time and

in any position in three dimensional physical space. Note that it does

not seriously affect the analysis of the immediate situation, since

positions are known and can be projected to any instant of time, but

the continuous nature presents an infinite number of possible future

events for consideration. If an analysis of future events is to play

a role in the decision process, this set must not only be made finite,

but, in fact, quite small. To make it finite it is necessary to trans-

form the continuous event space into a discrete space and to impose

bounds on the space. To make it "quite small" requires further analysis

and some good heuristics.

Consider first the vertical dimension in physical space. There

are technical limitations on the height of an attacking missile. For

one thing, the AM's are sub-orbital since orbital weapons are not

An event is defined as any occurrence relevant to the attack-defense
situation. Examples are an AM enters the system, aDM destroys an
AM, a DM misses an AM, and an AM strikes a target.

I
I
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relevant, to the problem under discussion. Also, they are ballistic

missiles which require a trajectory sufficiently high to carry them to

the target. Hence there is a vertical band ranging from perhaps 50 to

100 miles above the earth in which all attacking missiles will be

encountered. It is reasonable to assume that the designers of a defense

missile consider this information so that every defense missile will

have the capability for operating within this band. Hence, in the model

developed here the vertical dimension is eliminated as a factor in the

problem. An obvious alternative to complete elimination is classifying

height as, say, high, medium and low, and categorize defense missiles

by their operational floor and ceiling, but the effect is to increase

the future event space by a factor of three for only a slight gain in

generality so it was not adopted.

Transforming the remaining two dimensions is accomplished by laying

a square grid across the geographical limits of the defense area and

specifying the location of targets, defense missile sites and attacking

missiles only by the square In which they appear. The accuracy of this

representation is a function of the fineness of the grid. Every attacking

missile can enter the system in one and only one of the grid squares and

proceed to one and only one terminal square. Assuming that the selected

grid square has dimension greater than zero and the attacking force is not

infinite, under this model there are a finite number of square-to-square

parings of one or more AM's. Further, since there is a finite number of

DM's within the defense system there are a finite number of possible

future events.



There remains the problem of continuous time, and it is relevant to

both current activity and future events. From the standpoint of a control

process, the time dimension is scarcely continuous, but is divided into

sequential periods during which data analysis and decision making occur.

At the beginning of each period the door is closed on incoming new data and

the decision made from the information available up to that point. Data

received during a period is not processed until the following period so the

problem is unaltered if all data is considered as entering the system at

discrete points in time, namely at the beginning of each period. To Control,

this is equivalent to saying that events occur at discrete points in time,

at the beginning of each period.

A time period may be either of fixed or variable length. Variable

length time periods would apply to a mode of operation wherein the decision

process is pre-determined so that the time required to arrive at an allocation

is a function of the complexity of the immediate situation. If these time

periods are not short, a problem arises in determining if a missile site

will be within range of an AM when the decision is finally reached, since

the AM is in fact moving during the decision process. Fixed length time

periods avoid this complexity and permit the depth of analysis in the

decision function to vary. The apparent paradox in fixed length periods is

that the less complex problems are analyzed to a greater depth than the more

complex ones. However, if the length is chosen to provide adequate time for

sufficient analysis of most problems, the gain is that for many problems it

is possible to do much more. The relative effectiveness of fixed, variable,

variable with maximum and other approaches to the length of a period is not

investigated in this research, but provides an interesting area for further

study. The fixed length time period is adopted in this model.
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A final complication in the real world environment which must be

handled in the model is the response (lag) time of the engagement subsystem.

Control decides to engage an AM with a particular DM and transmits the

command. The DM must then be launched, proceed to engage the AM, the

results noted (success or failure) and transmitted to Control. During the

time required to accomplish this action Control is in doubt of the outcome

of its previous decision. A likely heuristic would be to not consider

allocating DM's to AM's which are in the process of being engaged. Except

for the forward progress of the AM during the time of doubt, the resulting

situation under the heuristic is equivalent to knowing the results of the

engagement immediately. Since the exact location of an AM is not critical

to the overall decision making power of the allocation procedure, and the

timing mechanism and bookkeeping required to provide a simulation of lag

time would significantly complicate the program, it was decided to assume

that the results of a decision are immediate.

In summary, the model of the attack-defense environment used throughout

ACTS is the activity flow given in Section 2.3 further constrained by dividing

time into fixed length periods and reducing physical space for future events

to a two dimensional square grid. All events occur at the beginning instant

of the time period, the allocation decision is made and the results are

available at the beginning of the next period.

3„3 Definitions, Heuristics and Data Files

In the remainder of this paper some terminology is used which may not

be familiar to the reader and is now defined.
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Active Target. Recall that every target is classified by the type of

resource located there and that the type of attack employed by an adver-

sary specifies which type targets will come under attack. An active tar-

get is a target with a type in jeopardy under the current type of attack.

Plausible Attack Corridor (PAC) . Consider the geographical corridor

formed by connecting a square on the periphery of the overlay grid and

another square containing a target. If it is plausible for an adversary

to attack a target square through such a corridor, then that corridor is

a plausible attack corridor.

Active Plausible Attack Corridor. A plausible attack corridor leading to

a square containing an active target is an active plausible attack corridor

Ground Zero. Ground zero is the impact point of an attacking missile.

Attack Script. An attack script is the period by period specification of

new information entering the system during a simulated attack. It includes

AM data, newly assigned target values and changes in defense tactics.

Probability of Destruction. Associated with a defense missile the proba-

bility of destruction (PDDM) is the probability of the DM destroying an

AM within range. Associated with an AM the term (PDAM) is the probability

that the AM will destroy the target if it strikes it. If the AM is being

engaged, the probability of destroying the target is PDAM X (l-PDDM) .
Expected Target Value. For an individual target the expected target value

is the multiple product of the current target value and the PDAM for each

AM attacking the target.
I
1
I

Expected Value of an AM. The expected value of an AM is the expected

value of the target it is attacking.
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Covered. In reference to an AM, covered means that the AM can be engaged

by at least one defense missile. In reference to a grid square or a

plausible attack corridor, it means that at least one DM is effective in

that area. In reference to a target it means that the target is locally

defended .
Terminal Defense Missile (TDM) . TDM is used in the program as synonymous

with local defense missile.

Several parametrically specified heuristics have been included in ACTS

to permit altering the defense tactics during the play. H4 applies only to

the Training Supervisor and is used in the learning process; the others

apply to the decision routine. All heuristics are initially inactive and

must be overtly activated.

I
I

HI: Consider possible future events in seeking an allocation decision

H2: If an AM arrives at a locally defended target during the current

period, defend the target with the local defense weapon.

H3 : Always engage an AM attacking a locally (a) undefended target and the

AM is covered in only one or two more periods prior to reaching the

target, or (b) defended target and the AM is covered by only one DM
I

site or in only one period prior to reaching the target, unless

engaging will endanger coverage of an active plausible corridor lead-

I
I
I

ing to an uncovered target. The rules (a) and (b) are extended to

encompass (c) always engage if failure to engage forces, under (a)

or (b), an engagement from the same DM site in a future period.

H4 : In simulating the result of an engagement, use a probability of

destruction of 1.

H5 : Divide the AM into groups so that (l) all AM within a group are

linked together by common DM which can engage them and (2) no AM can be
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engaged by the same DM as an AM in a different group. Select allocation

on each group independently. (See Section 3-5 for discussion of this

technique. )

H6: Divide the AM into groups according to pre-specified DM site dependent

criteria, such as geographical proximity of DM sites. DM site grouping

must be input to table GROUPS as prescribed in Appendix B. Select

allocation on each group independently. (See Section 3-5 for discussion

of this technique.)

IH7: Engage an AM whenever possible, (the "whites of their eyes" approach).

If engagement is possible from more than one DM site, select the one

with the most DM's remaining.

H8: Do not defend targets with a target value below a specified minimum.

The minimum value, MIWTGTVAL, must be given when H8 is used.

H9: Use only the calculated value of the decision polynomial to compare

alternative allocations.

The data files used in ACTS are described in detail in appendix B,

however, to facilitate the description of ACTS it is convenient to intro-

duce them briefly at this point. Some data files define elements of the

defense environment that are static in the pre-attack period and can be

prepositioned in the program. Others are post attack files generated as

the attack develops. Note that entries in the pre-positioned files may be

modified in the post-attack period.

I

I
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Prepositioned Data Files

DMSPEC: Range and effectiveness (probability of kill) specifications for

each type DM in the system.

DMLOCO: Location of area defense sites with quantity by type of DM assigned

TDLIST: Quantity of terminal defense missiles by TDM site.
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TGTLCV: Location and value of each target in the system.

TGTTAD: Type, identification and covering TDM sites of each target in the

system.

SQRDTA: For each grid square the area defense missile sites covering it

SQRTGT: For each grid square the targets contained therein.

PACDTA: For each plausible attack corridor the entry and terminal grid

square defining it, type targets contained in the terminal square,

type targets not covered and an index to file PACDMS identifying

DM sites covering the PAC.

ATTACK: For each AM in a simulated attack, the identification, time and

location of detection, ground zero and speed.

Post-Attack Data Files

AMDATA: For each AM currently in the system, the AM and target identifi-

cation, time period of arrival at target, and list of DM capable

of engaging by time period.

I
ALTERS: Condensed version of AMDATA prepared for the decision routine to

scan feasible alternative allocations.

TYPATK: A list of target types in jeopardy under the assumed type attack

being employed.

I
I
I

.k The Decision Function

Recall from section 1.6 that the approach to optimal allocation of defense

missiles is to compare feasible alternatives by evaluating, for each, a

function (hereafter called the decision function) of the form

E. W. F.
111
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where the F are measures of relevant "features" of the defense environment
1

and W are coefficients to be adjusted to seek optimality in the decision
i

process. It is reasonable to expect the performance of a procedure based

on this decision function to be sensitive to the particular features used.

In the extreme it is possible to define features which have no bearing on

the problem at all, such as counting the number of missile sites. Past use

of this type of decision function has been in areas where there is a large

amount of expert information on important aspects of the problem, namely

checkers and chess. No expert information has been accumulated on the

allocation of defense missiles, so the list of features defined below can

no doubt be improved by additions, deletions, and modifications. However

they seem to be adequate for demonstrating the feasibility of the approach,

which is a primary goal of this research.

I
I
I

The overall objective of the defense system considered in the model

is to minimize total loss in target value.

I
I
I
I
I
I

At each period the expected loss (risk) from the known AM can be

measured for each feasible allocation; however, it does not reflect the risk

from AM entering the system in the future. To consider all possible future

events in adjusting current risks would be impractical because of the

magnitude of the combinations it would entail. An indirect approach,

which includes but is not determined by the current risk, is to calculate

for each allocation the change in the defense posture, now defined as

the ability of the defense system to protect the targets. Clearly, the

defense posture may only deteriorate during an attack.

Hence, in seeking to minimize total loss in target value the

decision process will in fact seek to minimize the rate of deterioration in

the defense posture on a period by period basis.
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Four characteristics of a good defense posture can be identified.

They are maintain defense mobility, block attack routes, balance defense

and avoid large expected loss. An area defense missile site may be

considered as a highly mobile local defense facility since it protects many

target areas. The extent of mobility for any particular DM site is pro-

portional to the number of attack routes that it covers; a DM site covering

six attack routes is more mobile than one covering only two. The overall

mobility of the defense system is a function of the mobility of individual

DM sites. Other things being equal, it is preferred to use aDM from the

site covering the least attack routes, that is, maintain maximum mobility.

The defense estimate of attack routes are the plausible attack corridors

(PAC) defined above. Decision function features DMMOBI and DMMOB2 reflect

the degradation of mobility resulting from an allocation by penalizing,

on a graduated basis, the use of DM from sites covering several PAC.I
Clearly it is desirable to block attack routes by maintaining an

area defense capability along each, otherwise an adversary can send AM to

the target areas without fear of loss enroute. If the target area contains

targets not locally defended the need for blocking attack routes is even

more critical, especially if the undefended targets are active under the

type of attack being employed. Decision function features CUND, CUNDA,

CTUND and CTUNDA count uncovered PAC and penalize an allocation for

opening attack routes. SOLEDM and SOLDMA count DM which alone provide

coverage to one or more PAC.

I

I
I

Balancing the defense refers to avoiding uneven depletion among the

DM sites. For example, in selecting between DM sites to engage an AM

it is usually preferable to select the one with the most DM remaining, other
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things being equal. An unbalanced defense permits an adversary to con-

centrate his attack through the weak points. Decision function features

TLUND, TLUNDA, TLONE, TLONEA, DBALQ, DBALH, DEALT, and DBALA are measures

of defense posture balance.

Avoiding large expected loss is the characteristic which relates

directly to the overall objective. It implies the preferability of

risking or actually assuming losses in order to prevent larger "expected

losses. Decision function features AMZERO, AMONE, and AMTWO measure

aspects of expected loss.

I

A description of the features is given below. In ACTS the decision

function is represented as a vector; the number on the left of the tag

is the subscript of the feature in that vector.

I

1) CUND Number of undefended plausible attack corridors.

2) CUNDA Number of undefended active plausible attack corridors.

3) CTUND Number of undefended plausible attack corridors leading to

I
I

locally undefended targets.

k) CTUNDA Number of undefended active plausible attack corridors

leading to locally undefended active targets.

5) TLUND Number of locally undefended targets.

6) TLUNDA Number of locally undefended active targets. I
I
I

7) TLONE Number of targets with one remaining local defense opportunity

8) TLONEA Number of active targets with one remaining local defense

opportunity.

9) AMZERO Expected value of AM facing no defense opportunity.

10) AMONE Expected value of AM facing one defense opportunity.

11) AMTWO Expected value of AM facing two defense opportunities.
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12) DMMOBI Number of applied DM covering from mto n PAC. (m and n

are calculated for each defense environment so that one

third of the DM sites cover m or fewer PAC, one third cover

more than m but n or less and the remaining third cover more

than n ) .
13) DMMOB2 Number of applied DM covering more than n PAC.

Ik) DMALQ, Number of DM sites deploying one quarter of assigned missiles

15) DBALH Number of DM sites deploying half of assigned missiles.

16) DBALT Number of DM sites deploying three quarters of assignedI
missiles.

17) DBALA Number of DM sites deploying all of assigned missiles.

18) SOLEDM Number of applied DM from DM sites which provide the sole

coverage of a PAC

I 19) SOLDMA Number of applied DM from DM sites which provide the sole

coverage of an active PAC.

Coefficients, W., associated with the features are identified by

the program subscript, that is, Wl, W2, ... WI9. Likewise, the features

themselves are identified by Fl, F2, etc. when use of the tags is not

convenient.I
As an option to comparing on the value of the function alone, ACTS

permits lexicographic minimization of a threetuple (VI, V2, V3,) where

VI is CTUNDA, V 3is CTUND and V 2is the weighted sum of the features. The

option is selected by system input.
I
I
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3.5 A Search Reducing Technique

In a typical period attacking missiles will be transversing the defense

system in many directions and in different geographical regions. If it

is possible to divide them into independent groups, in the sense that the

corresponding sets of covering DM are mutually exclusive, then the value of

the decision function obtained by minimizing on each group separately and

combining the result could be expected to be close to the minimum found by

considering all AM collectively. It is not necessarily the minimum because,

even though the groups are independent in the above sense, the DM are inter-

related in the network of plausible attack corridors, however, the reduction

in the number of feasible allocations to be evaluated is so dramatic as to

make the technique attractive from the standpoint of processing time. For

I

Iexample, if twelve (12) AM are in the system and each has four (k) possible

12 6
defense opportunities the total number of allocations is k = 16 . 8 XlO .
Now if two groups of six AM can be distinguished and processed separately,

6 6
the number of allocations is only k + k = 819_2. Three groups of four AM

yields k + k + k = 768 and four groups of three yields k 3 +U3 + li3 + 1,3=

I
I
I

2%.

This search reduction technique is made available to ACTS by para-

metrically specifying either heuristic H5 or H6 .

3.6 The Central Control System

The Central Control System contains two routines, the Environment

Interpreter and the Decision Routine. Each is discussed as it would

perform in an operational environment.
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3.6.1 The Environment Interpreter

The function of the Environment Interpreter is to communicate with

the outside world, interpret inputs in the light of the program model,

maintain data files and relay allocation decisions to the engagement

subsystem. The program flow follows.

El: Accept data inputs and perform routine file update and mainte-

nance at the beginning of each period, including

a) Number of DM and TDM available by site and type.

b) Specification of heuristics to be applied.

c) Specification of parameter for attack type determination

I

procedure or type of attack directly,

d) Specification of target value.

I c) Output control parameters.

E2: Process new AM data. For each AM entering the system generate

an entry in AMDATA.

(i) From time, position, ground zero and speed calculate a

trajectory projection.

(ii) Determine target, target value and local defense status

(iii) Determine grid squares the projection passes through.

(iv) Locate candidate DM sites in SQRDTA.

(v) For each time period until the AM reaches ground zero,I
list the covering DM

If there is no defense against an AM the value of the target

is reset to an expected value and no entry is made in AMDATA.

If the ground zero is not within the boundary of a target the

AM is ignored.
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I
If Heuristic H8 is active and the target value is less than

MINTGTVAL the AM is ignored. I
1
I
I
I
I

E3: Build ALTERS from AMDATA.

There is one row in ALTERS for each AM in the system. The

first five entries in each row are bookkeeping indices for the

Decision Routine, including the last relevant entry under heu-

ristics H2 or H3 . Following the indices are the DM covering,

ordered by time period.

Ek: If heuristic H5 or H6 is active and H7 is not, i.e., search

reduction is to be used, determine independent AM groups and

place the group designator for each AM in the final entry in

ALTERS, otherwise set all final entries to 0.

Icision Routine. Return to E6.

E6: Relay DM engagement commands to appropriate facilities.

E7: Reflect the result of the periods activity in data files.

a) For AM striking a target, remove the AM from AMDATA and I
Ichange the target value

b) For AM destroyed by DM, remove the AM from AMDATA

c) For DM deployed, remove the DM from DMLOCO.

E8: Go to El.

The Decision Routine I
The allocation of defense missiles is based on comparative evaluation

the decision function for each combination of assignments of a single
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DM or TDM to each AM which is both feasible from the standpoint of avail-

ability and performance and permissible under specified heuristics. If

future events are not to be considered by the decision routine, i.e.,

heuristic HI not specified, then the particular combination having a

minimum value of the decision function is selected. Ties are broken

arbitrarily by selecting the first combination encountered yielding the

minimum value. If future events are to be considered, HI specified,

then the value of each combination is modified by sending an AM through

each plausible attack corridor (one corridor at a time) and selecting

the covering DM minimizing the resultant decision function over all DM

covering the corridor, holding the original combination fixed. The value

assigned to the original combination is the max imum decision function

value over all corridors. The combination with the minimum value is then

selected. This forward looking procedure has the effect of looking at

some of the adversaries future moves and expecting him to make the best

choice (for him) under the decision function. Consideration of multiple

AM, multiple PAC and looking forward more than one period is hampered by

the additional time required to evaluate the large number of possibilities

and is left for future investigation.

I

I

The imposition of defensive strategy on the decision routine is

accomplished by the specification of heuristics. For example, heuristic

H8 imposes the strategy of defending only those targets having an expected

value above a given minimum, providing for the conservation of DM to

defend high value targets. Such a strategy is useful in avoiding the

deterioration of the defense in order to protect targets already destroyed

or otherwise devalued, such as friendly stragetic missile sites after
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I

missiles have been launched, as well as reflecting high level policy

involving the sacrifice of certain targets for the general good. Other

strategy heuristics included in ACTS are H2, H3 and H7 .
I

By restricting the permissible combinations the strategy heuristics

have the side effect of reducing search in the decision routine. Heuris-

tics H5 and H6 are provided for the sole purpose of reducing search.

Heuristics HI, the look ahead heuristic, and H9, the lexicographic

heuristic, directly effect the evaluation process; however, HI also

increases search by a factor of the number of PAC. Note that if heuristic

H9 is not active, the "value of the decision function" means the triplet

(VI, V2, V3) as defined in section 3 .k and minimizing or maximizing is

accomplished lexicographically; otherwise, only V 2is meant, or, equi-

valently, VI =V3=0.

I

IA brief program flow of the decision routine follows

Dl: If heuristic H7 is active then, for each AM covered in the

current period, select a DM (or TDM) from the covering site

with the most missiles remaining. Break times randomly. Go I
to e6.

D 3: Evaluate the features for a feasible DM allocation for the AM

with last entry in ALTERS equal to GRPNOW.

Bk: Save the feature values in vector TFEAT and PFEAT. Set PACNOW

to 1.

D5: If heuristic HI is not active go to D9.

D2: Set GRPNOW =0.
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D6 For plausible attack corridor PACNOW, select the DM which

minimizes the decision function given the allocation specified

in D2.

D7 If the value of the decision function is greater than that

for all previous PAC then save the feature values in PFEAT.

D8 If PACNOW < total number of PAC in the system, set PACNOW

PACNOW + 1 and go to D6.

D9 Using the feature values stored in PFEAT, if the value of the

decision function is minimum over all previous allocations from

D3, then save the allocation in vector BESTCOMB and PFEAT in

vector PFEATURE. (Note that PFEATURE contains the feature

values of the current minimum so it alone is considered to

check for a new minimum.)

DlO Repeat D 3- D9for all feasible allocations against group

GRPNOW. On completion go to Dll.

Dll If GRPNOW < total number of groups, set GRPNOW = GRPNOW + 1

and go to D 3.

Dl2 The allocation minimizing PFEAT is in BESTCOMB. Those entries

corresponding to current period engagements are stored in BESTALT

and return is made to E6.
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IV THE LEARNING PROCESS

Figure 1.1 (a) in section 1.2 depicts a Controlled Learning System

in which a training supervisor, responding to an external environment,

established a training environment to send stimuli to trigger the

decision process. The supervisor monitored the resultant decisions

and reinforced the decision function to encourage good performance and

discourage bad. The learning process in ACTS is such a system, with human

input to the training supervisor portion of the program, and simulation

and training thereafter controlled internally. It utilizes two methods

of determining reinforcement actions, one of which provides a capability

for learning in the operational environment, as shown in Figure 1.1 (b),

Operational Learning System. Although operational learning has not been

incorporated in ACTS, it is an immediate extension and is discussed

later. IReinforcement learning is essentially "hill climbing" on a surface

defined over the set of all (normalized) weight vectors which reflects

their relative problem solving ability. The goal is to arrive at the

surface maximum. When the surface can be defined mathematically and

has certain nice properties such as unimodality-continuity or convexity

and the set over which it is defined is convex, methods exist for

locating the surface maximum, either directly or by Iterative search

techniques which, at each point, determine a direction in which to move

and how far to go. In the problem at hand the surface is essentially

undefinable, can be expected to vary with each different attack plan and

4.1 Description
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have none of the above properties. However, in a particular situation a

given set of weights will determine an allocation which can be compared

with the best allocation for that situation and a single search iteration

can be performed on the problem solving surface to adjust the weights

toward the local maximum for that situation. An approach to subproblem

reinforcement is to repeatedly apply this adjustment technique to many

situations which together typify the total problem.

Given a typifying situation and a weight vector, the technique

implemented in ACTS is composed of four steps.

l) Determine the key allocation for the situation. The key

allocation is that allocation of DM to AM which is best in

the given situation; it is not necessarily the one selected

by the decision process.

2) Determine the direction in which to adjust the weights so as to

move toward the (unknown) weights yielding the key allocation.

3) Determine the step size, i.e., how far to go in the direction

specified in 2.

4) Adjust weights, initially as indicated by 2 and 3 and then to

maintain logical consistency.

4.1.1 Determining the Key Allocation

In the controlled learning system the Training Supervisor (hereafter

abbreviated TS) must determine the key allocation for each situation

encountered. A particularly simple method, at least from the standpoint

of the TS, is to provide the key allocation along with the situation.

In the problem at hand, this implies that the human (external environment)
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specifying the situation would also decide on the best allocation and

include it as input to the TS. The main drawback with this approach is

that the performance of the decision process is limited to that of the

specifier. It is to be desired that an avenue be open for the decision

process to excell its master, especially in an area where human experience

is limited.

The alternative is to provide the TS with a capability for selecting

the key allocation using some decision process differing from the one

being trained. One such approach is to provide situations in logical,

dependent sequences, such as a portion (or all) of an attack, so the TS

may scan ahead and determine a "best" allocation in light of future

requirements.

By having the TS scan to the end of an attack, the criterion for

!best" could be reduced to that allocation in the current period

permitting a defense allocation to the remainder of the attack which

minimizes its total effect, this being the overall goal of the defense

system.

Unfortunately, the number of allocations to be evaluated in such a

deep look is astronomical. Typical training problems used in this research
q

yield an order of 10 allocations for each four time periods.

An obvious compromise is to scan ahead only a limited number of

periods and accept the allocation selected by the current decision

function (considering all AM in those periods) as the key allocation.

The underlying assumption in this procedure is that errors in judgment

by the decision process in a single period are primarily due to lack

of information as opposed to imbalance between terms in the decision
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function, implying that reinforcement learning aims at improving general-

ization of current situations to future expectations. If the normalized

weight vector being used by the decision process provides poor problem

solving ability due to imbalance, it can be expected that the key allo-

cation selected under the above procedure will be poor also, additional

information notwithstanding. Experimentation has shown that retrogres-

sion, moving downhill, will generally occur at some point in the process

by the selection of a key allocation which is inferior to the trial allo-

cation. By aggravating the imbalance in the decision function, retro-

gression becomes self-generating and can be terminated only by intervention

of the TS or by chance reversal. Bootstrapping in this manner from a

weight vector with poor problem solving ability is inefficient compared

with the method whereby correct key allocations are provided since each

retrogression cycle must be compensated for. However, once the decision

process attains a high level of ability, this method is quite successful

in making minor adjustments, seeking a capability to respond to situations

which are more complex than those previously encountered in the training

cycles .
ACTS includes the capability to apply either method for selecting

key allocations.

4.1.2 Determining the Direction

Given a trial allocation selected by the current decision function

(with weights W. ) having feature values F. and a key allocation

determined by the TS with feature values F!, it is desired to adjust

the weights W. in the direction of W!, the (unknown) weights which
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would have yielded the key allocation in this situation. Since the W!

are unknown, it is necessary to find an approximating set W. , say,

which has the property that it is possible to move from W. toward W"

and reach a point W , say, such that using W will result in the

preference by the decision function of the key allocation to the trial

allocation. At this point it is convenient to introduce vector notation.

Let W = (W. ) = (W ,W , „..,W ) be the current weight vector,

the key allocation weights, W! ,

for trial allocation,

F' = (F! ) = (FJ,F' ...,F') be the vector of feature weights

for the key allocation,

Then D = W"-W is the direction in which the weights are to be adjusted

Note first that

otherwise the decision process would have preferred the key allocation to
14the trial allocation.

Now define the vector

where F. is equal to:

1 Lexicographic comparison is not used in the learning process as the
weighted term V 2is dominated by VI in the decision process.

W" = (W 1.1 ) = (W",W", . . . ,W" ) be the approximation vector for

F = (F.) = (Fn ,F0,...,F ) be the vector of feature weights
l l 7 27 ' n b

(i) WF < WF'

f" = (f") = (f" f" f")
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2

.5 if F.

or F.
i

F!/(F! -F.) if F.
iii l

(F.-F! )/F. if F.
11l 1

if F. = 0 and F! < 0
i i

or F. > 0 and F." = 0 ,
l l '

= 0 and F. > 0
i

< 0 and F. =0 ,
l '

< 0 and F. < 0 ,
l '

< 0 and F! > 0 ,
i

> 0 and F. < 0 ,
l '

Clearly

F" > 1 if
i

F! < F. ,
l l '

(ii) F. = F. , and
l i 7

Finally let the approximation vector elements

From the relations (ii), the following relations hold

(iii) W. > W.
ii

and WV > 0 since W. > 0 and FV > 0
i ii

F.'/F. if F.
11 1

F./f: if F. > 0 and F. >0 ,
rli i '

1 if F. = 0 and F. = 0 .
l i

FV = 1 if
1

0< FV < 1 if F! >F.
1 11

w'.' = w.fV
i 11

if F! < F. (F.'-F. <0)
11 11

WV - W. if F! = F. (F.'-F. = 0)
11 11 ii

W. <W. if F! >F. (F!-F. > 0)
11 11 ii
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It remains to show that under the approximation W" for W 1 ,
the direction D = W"-W has the desired property, namely that it is

possible to move from W in the direction D and arrive at a new

vector W such that by using W the decision function will prefer

the key allocation to the trial allocation, that is WF' <WF .
A direction with this property will be called a feasible direction

Note first that from (iii)

Define W = W+SD where S> 0 is a scalar. It can be shown (see

Appendix F for proof) that

Lemma: For any fixed, finite W, D, F and F' , there exists

finite scalar S* > 0 such that for any S >S* ,

WF' < WF

Hence, conclude that D = W"-W is a feasible direction.
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I

I

4.1.3 Determining the Step Size

Having found a feasible direction D in which to move, it is

necessary to determine the step size, S . A seemingly logical approach,

and one that was initially applied, is to calculate S* as in the Lemma,

see Appendix F, equation (v), and use it as a step size, thereby guaranteeing

that under W the decision function will at least be neutral between the

trial allocation and the key allocation. However, this approach led to

severe instability in the learning process. In the first place, the

situations considered only provide approximations to the problem solving

surface, hence the key allocation itself is at best an approximation.

Secondly, D is based on an approximation, W" , to weights W' yielding

the key allocation; there is no guarantee that WF ' <WF for all k, i.e.,

for the feature values of all other feasible combinations. Finally, S*

does not consider the past performance of the decision function and hence

does not permit dampening of reinforcement with maturation of the decision

process .
To offset the instability, a conservative approach has been adopted

in which the step size, S , is determined as the minimum of:

(a) The reciprocal of a maximum feature weight repeat factor, R. ,
calculated as follows for each feature weight, W.

1

After each learning situation if W. was unchanged,

then R. = R. +1 (max R. = 10) ; otherwise
11 1 '

or

(b) The quantity (WF'-WF)/WF

R. = (largest integer of (R./2))+l ,
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but in no case less than .05

(initially a minimum of .1 was used but as performance

improved, it became useful to reduce it to .05 . )

A modification of this approach was also used with reasonable

success, namely to apply (a) above to calculate an S. for each

individual feature weight and. adjust individual W by a weight of S i

This procedure enables a more rapid modification of W. with a poor

performance record as indicated by frequent modification, or of new

features being introduced into the decision process. The effect of

this is to tilt the direction vector, D, in the W. plane. However,

I

I
is the minimum S. and S* = S . /S . > 1 then by modifying

mm i i i mm -

IW" and W. such that W** = S*W'.' = S*W.F'.' = W*F*, the relations (iil)
i i l 1111111

and all subsequent mathematics hold with W** and W* replacing W"

and W, respectively, and the new direction is also feasible. The step

S . as beforemm

4.1.4 Making Weight Adjustments

The final step in the reinforcement learning technique in ACTS Is

to make the weight adjustments. After calculating W =W + SD, as

indicated above, certain logical operators are applied to the elements

of W in order to retain consistency within the decision function.

For example, consider the two features DMMOBI, the number of DM

deployed from sites covering m to n PAC, and DMMOB2, the number

of DM deployed from sites covering more than n PAC . Clearly, the

deterioration of the defense considering mobility alone is greater if

a DMMOB2 DM is used than if a DMMOBI DM is used, all else being equal.

I

I
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Hence, the weight associated with DMMOBI should be not greater than the

weight associated with DMMOB2. If in W this consistency has been

destroyed it is recovered by adjusting the subject weights as necessary

There are currently twenty consistency analyses in the Training

Supervisor.

The resultant W then replaces W and the process cycles through

the next situation.

4.2 Flow of the Training Supervisor

In addition to supervising the reinforcement procedure, the TS is

responsible for establishing the training environment and simulating

results from decisions and attack scripts. A flow of the TS follows:

Tl: Read inputs (punched card) and establish training environment.

The types of data input and resulting data files are:

a) Target description for each target in the defense area:

TGTLCV and TGTTAD are generated.

b) Defense missile specifications. (range, probability of

kill): DMSPEC is generated.

c) Defense missile site data. (location, number DM by type)

DMLOCO is generated.

d) Plausible attack corridor definition (entry and terminal

grid square): PACDTA and PACDMS are generated.

c) AM portion of the attack script: ATTACK is generated.

f) Heuristics for activation: activate appropriate heuristics

g) Simulation and learning instructions (number of times to

cycle the attack script, whether or not learning is to be
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I
1

accomplished and, if so, what parameters to apply):

set CYCLE, LEARNING and REPEAT, or BOOKGAME. I
h) Feature weights for initial use: vector WATE is set

i) Run identification: store in RUNID. II
1Additional inputs to modify the environment or alter the run

parameters may be provided that are identified by the period

IIin which they are to enter the system. These inputs are read

directly by the Environment Interpreter. 1T2: Step the Environment Interpreter through El, E2, E3 and E4,

setting up AMDATA and ALTERS for AM relevant to the current

period.
I

T3 : If not in a learning mode, step through E5 (make DM allocation)

and E6. Go to Tl5.

1
1
1
I
I
I

T4: If key allocation is provided then go to Tl7 else go to T5.

T5 : Recycle E2, E3 and E4 to bring in the AM entering during the

next period.

T6: Step D2.

T7: Step D3through D9to evaluate features for a particular

allocation against AM currently in the system, not including

those entered in T5, and determine minimum valued allocation

thus far.

T8: Evaluate the features for a feasible DM allocation for the

next period AM entered in step T5, given that the DM allocation

against current AM is fixed at the last D3combination. Store

the resulting feature values in LFEAT.
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T9: Using the feature values stored in LFEAT^, if the value of

the decision function is minimum over all previous T8 alloca-

tions given this D3allocation, then store LFEAT in LPFEAT.

(Note that LPFEAT contains the feature values of the current

minimum under this (fixed) D 3allocation. )

Repeat TB-T9 for all feasible allocations with this D3
allocation fixed.

TlO

Til If the value of the decision function using the features in

LPFEAT is minimum over all previous D3-T8 combinations, then

store the allocation in LBESTCOMB, LPFEAT in LFEATURE and

PFEAT in LPFEATURE (note that LPFEATURE contains the PFEAT

corresponding to the D 3combination (stored on LBESTCOMB)

yielding the best overall allocation so far considering a

look ahead to the next period).

Tl2 Repeat T7 for all feasible D3combinations. On completion

go to Tl3.

Tl3 If the D 3combination chosen in D9is not the same as that

chosen in TlO, assume the decision procedure has made an

error since if it had more information (namely the next

period attack pattern) it would have made a different

selection. Hence, reinforce the feature coefficients (WATES)

so as to make it more likely to make the "correct" decision

in the same situation. The reinforcement method is as defined

in sections 4.1.1 through 4.1.4 with F = PFEATURE and

F' = LPFEATURE. Adjust the weight repeats R. as indicated

in 4.1.4.
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Tl4 Repeat steps T6 through Tl3 until the same D3combination is

selected by D9and TlO or the number of repetitions is equal

to REPEAT (a control parameter entered in Tl, g).

Simulate the outcome of DM engagements (using the Dl or D 9
allocation) using random numbers and kill probabilities.

(Note that if H. 4is active the kill probabilities for every

DM and TDM is taken to be 1 . This can be used to eliminate

chance variations in results while comparing the performance

of specific decision procedures or WATE settings. )

Tl5

Tl6 Step E7 to update files and go to T2

Read in key allocation.Tl7

TlB Step D3through D9to evaluate feature for a particular

allocation against AM currently in the system. If this

allocation is the key allocation, store the feature values

in .LPFEATURE. If this allocation has the minimum evaluation

so far, store the feature values in PFEATURE and the

allocation in BESTCOMB.

Repeat TlB for each feasible allocation then go to T2O.

If the allocation selected by the decision function is not

the same as the key allocation and the value of the decision

function for the two allocations are not equal, then reinforce

the feature weights (WATE) using the method defined in

sections 4.1.1 through 4.1.4 with

Tl9

T2O

Adjust the weight repeats R. as indicated in section 4.1.4.T2l

F = PFEATURE and F' = LPFEATURE
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T22: Repeat steps TlB through T2l until either the key allocation

is selected by the decision process or the number of repetitions

is equal to REPEAT (a control parameter entered in Tl, g).

T23: Go to Tl5.
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1
V IMPLEMENTATION

.1 Introduction

The general methodology for developing a self-modifying decision

procedure for the allocation of defense missiles was determined from

an analysis of the overall missile defense situation and prior research

in the field of artificial intelligence. However, much of the specific

material in Chapters 111 and IV evolved from a continuing experiment in

which simulated missile attacks are inflicted on defense environments

for the purpose of either decision function modification or analysis

of the effectiveness of the decision process. Within this experiment

lies the justification for the techniques employed in the model, ACTS,

and the verification of the results reported below. Principal difficulties

in the design of the experiment stem from the nonavailability of real

data and recognized expert missile defense decision makers, a result of

the futuristic nature of the problem. Circumvention of these deficiencies

within the scope of the stated research objectives (section l.l) is

claimed on the basis of selecting plausible, nonrestrictive environments

and noting that, with the growth of a missile defense expertise, it is

expected that the decision function could be further modified to give

improved performance, but this would not invalidate the results so far

achieved.

I
1

In this chapter the experiment is described and a summary of the

more significant developments is presented. The general research

technique has been to cycle the learning process and then check the new

decision function against past performance. Each cycle is analyzed to
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ascertain cause for errors in judgment, retrogressive learning or other

critical performance factors and, if necessary, adjustments are made to

compensate for particularly difficult decision problems, e.g. a new

training attack may be added to cover a situation previously omitted or

a feature added to the decision function to cover a "blind spot". In the

interest of demonstrating the feasibility of applying heuristic learning

techniques to the problem, these external adjustments specifically excluded

direct modification to the weight vector. The internal learning process

alone is responsible for the evolution of the weight values.

5.2 Establishing the Experimental Environment

Under the model of the attack-defense environment presented in

section 3-2, establishing an experimental environment requires specifi-

cation of a target system, defense sites, missile capability, plausible

attack corridors and attack script. In order to avoid the hazard of

biasedness present in creating a purely artificial data base, the

western portion of the United States was selected as a general pattern

for the target system. This segment provides both congested metropolitan

areas and large expanses where targets are sparse, and the coastal region

allows for late detection and shallow defense situations. No attempt

was made to include all identifiable targets nor to accurately locate

those which were included. For convenience the coordinate system was

rotated approximately ninety degrees. Target types are identified as

the single letters P, D, S, M, I or some combination thereof, and target

identification is simply the target type followed by a sequence number,

e.g. Pll, Pl2, DS7.
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I

A system of defense sites is distributed throughout the target

system which provides for overlapping coverage around most of the

perimeter of the defense area, under the assumptions on DM range, and

some coverage in depth along principal attack routes. Terminal defense

sites were assigned to targets somewhat arbitrarily but, in general, on

the basis of target value. The number of TDM and number and type of DM

assigned to each site is specified with each attack script; however, the

location of the sites remained fixed during the entire experiment.

Figure 5.1 shows the targets and DM sites and Appendix E contains a

listing of the target and defense missile site data. Missile performance

specifications were fixed at one unit range and probability of kill

of .75 for DM and probability of kill of .95 for TDM.

I

I

I
1

From a reasonable analysis of attack possibilities and adversaries

goals, a set of attacks were designed for training and decision analysis.

Initially, a single large attack on selected types of targets throughout

the entire defense system was used to determine the effectiveness of

I
1
I
I
I
I

both the decision process and learning technique. Subsets of this

attack were used as training attacks for the learning process. For

greater flexibilityand efficiency, the large attack approach was

downgraded in favor of smaller attacks on portions of the defense

system, each of which emphasized a specific set of attack situations.

Appendix D contains a summary of the attacks.



Figure 5-1 Test Environment Tj ystet and Area Defense
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5.3 Evolution of the Critical Features

The selection of a set of critical features which are responsive

to the important aspects of an ill structured decision problem is an

evolutionary process. An initial set can be determined from problem

analysis or analysis of human decision making techniques; however, it

can be expected to be deficient due to oversight and the difficulty

of translating human decision processes into analytical decision processes

Part of the evolution is to adjust for these omissions and misrepresen-

tations.

The features initially included in the ACTS decision function were

designed to reflect the four characteristics of good defense described

in section 3 A, namely mobility, block attack routes, balance and avoid

catastrophe. Specifically, these features were CUND, CUNDA, CTUND,

CTUNDA, TLUND, TLUNDA, TLONE, TLONEA, DBALQ, DBALH, DEALT, AMZERO,

AMONE, AMTWO, DMMOBI, DMMOB2, UNCSQR

the target system squares which were

was applied to balancing the defense

sum over all AM in the system of the

AND RATIO. UNCSQR was a count of

not covered by a least one DM and

posture. RATIO was defined as the

expected value of the AM divided

by the number of remaining defense opportunities against the AM if the

selected defense was unsuccessful. RATIO was applied to avoiding large

losses.

UNCSQR was deleted after several learning runs failed to change

its weight and analysis disclosed that the decision function was

insensitive to its value in the sense that its absence from the decision

function would not change any decision made with it in. RATIO was

deleted after nineteen learning runs because its weight was converging
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to zero, indicating that it was consistently contributing to the

selection of other than the key allocation.

The absence of DBALA (number of DM sites voiding) was a deliberate

omission based on the expectation that the effect of a DM site voiding

would be adequately reflected in CUND, CUNDA, CTUND, CTUNDA and UNCSQR.

However, allocation errors were being made by voiding DM sites without

increasing any of these values; in fact, pathological situations arose

in which voiding a DM site actually reduced the value of the decision

function by reducing only the value of DEALT. DBALA was added and

significantly improved the decision making quality,

The final alteration of the critical features was the addition of

SOLEDM and SOLDMA. The decision process was penalizing allocations

which left attack corridors undefended, but was not constraining

successive allocations leading to defense situations placing the attack

corridors in jeopardy of being voided. The DM sites covering an attack

corridor would be depleted until a single DM remained before the

decision process restricted further depletion (by CUND, CUNDA, CTUND

and CTUNDA), but by then, the posture was deteriorated and there was no

defense against further weapons transversing the corridor. As a result

the performance of the decision process was handicapped and, at the

same time, the learning process was unable to compensate for this type

decision error since it had no features which reflected the difficulty.

Analysis showed that if a penalty could be imposed for using a DM from

a DM site which alone was covering an attack corridor, many of the

situations could be avoided, hence, SOLEDM and SOLEDMA were added.

Clearly, this approach could have been extended to "only two" (or three
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I
1
I

or etc. ) DM sites covering a corridor, but the present performance is

adequate without further depth in this area and no positive improvement

from their inclusion is apparent.

5.4 Evolution of the Learning Process

The learning process currently applied by ACTS was developed over

the course of experimentation. Initially, a naive learning scheme was

employed which consisted of running a large attack against the entire

target system and, at each period, permitting the training supervisor

to select a key allocation from looking into the future. A full step

size was used in weight adjustment and, if an adjustment was made in a

period, that period was repeated until either no adjustment was

required (i.e., key allocation was selected) or a repeat parameter was

reached, usually two or three repeats. The results were unsatisfactory.

Not only was the procedure inefficient from the standpoint of search per

adjustment, but it was also highly unstable in the sense that neither

the weights converged nor the performance improved. In fact, the

performance deteriorated. Two factors were held as the primary cause,

the generality of the large attack and the lack of dampening the step

size with correct decisions. The first disallowed for phased learning

in which the decision function is balanced toward one type situation

(e.g. mid-attack, voiding DM's, voiding TDM's) before it must be

adjusted for a significantly different one. The second permitted full

adjustment of a weight regardless of its past decision making contri-

butions, aggravating retrogression and instability whenever incorrect

key allocations were selected by the TS.

I

I
I
I
I
I
I
I

I
I
I
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Following this abortive attempt, the large general attack was

abandoned in favor of smaller attacks emphasizing particular situations,

a step dampener was added to the learning process, each weight was reset

to a value of one (l), and the learning process reinitialized. Six

training attacks were established and they are:

I

TAI emphasizing mobility and balance,

TA2 emphasizing PAC coverage,

TA3 emphasizing expected loss tradeoff,

TA4 emphasizing the terminal phase of an attack through the PACs,

TAS emphasizing the terminal phase of an attack not through the

PACs,

TA6 emphasizing the intermediate phase of an attack.

The training approach is to cycle a complete training attack through the

learning process until either the decision procedure selects the key

allocation every period, or a cycle limiting parameter is reached

(usually set at 5 or 10), then a different training attack is selected,

and so forth.

Table 5-1 and Figure 5=2 and 5-3 depict selected sets of feature

weights ensuing from this approach and Table 5-2 lists the cumulative

number of cycles and attacks for each set. The weights shown are

normalized for display by dividing each raw weight by one quarter of

the sum of the raw weights. Until the entry of DBALA at set 3 and

SOLDMA and SOLEDM at set 4, the corresponding weights are taken as

zero and not shown on the graph. Note that the scale in Figure 5° 2

is half that of 5.3 in order to show the AMZERO weight. The DBALA

weight is included on both to provide continuity.
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igure 5-2 Normalized Feature Weight



Figure 5«3 Normalized Feature Weights
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I Training Cycle and Attack Frequency Between Sets

Set Cycles Attacks

1

2 5 2

I 11 5

4 19 9

5

6

58 18

3473

86 407

I 98 46

110 52

10 115 55

125 6111

12 135 67

I 14613 73

Table 5-2

I

I
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At the set 2 point, the logical operators described in section 4.1.4

were added to the learning process to compensate for inconsistencies such

as weights on features relating to targets and corridors under attack

being less than weights on corresponding features relating to targets

and corridors not under attack. Examples in set 2 are TLUND vs TLUNDA

and TLONE vs TLONEA.

I

ISelection of key allocations by the TS was maintained through

set 3, but the inefficiency and instability previously encountered

persisted, so thereafter the key allocations were specified with the

attack script. To assure control of decision situations, the key

allocation is imposed on the simulation routine regardless of the

final selection by the decision procedure and a probability of kill

of one (l) is assumed for DM and TDM, but only in the simulation

routine, not the decision routine.

I
I

Also at the set 3 point, DBALA was added to offset the imbalance

between expected loss, measured primarily by AMZERO, and area defense

balance. By set 4, it was apparent that key allocations aimed at

maintaining PAC coverage above a single DM could not be selected by

the decision procedure because it was insensitive to deterioration of

PAC coverage up to the point where only a single DM remained. The

result was false modification of the weights when such a key allocation

was encountered as the learning process attempted to compensate. SOLDMA

and SOLEDM were added to provide the necessary information and the

decision function began to stabilize.

I
I

I
Final changes to the learning process involved the step size.

Frequently the decision function will select an allocation with a value

I
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very close to the key allocation but quite different in missile selec

I and, hence, in individual feature value. In such a circumstance it i

desirable to constrain the ensuing modification to reflect the near

quality of the two allocations. At set 5, a constraining factor, eg

o the difference between the two values divided by the value of the

key allocation, was added and the step size set at the minimum of thi

factor and the factor based on the history of past performance, as

described in section 4.1.3, ( a ) and (b). To avoid being blocked by
I
I this constraint from ever attaining key allocations only slightly

better than those selected by the decision function, a minimum bound

tep size is necessary and was added a set 6

I

I

I
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I

VI EXPERIMENTS

IIn order to measure the effectiveness of the model it is necessary

to consider the performance of both the learning and decision processes.

The learning process must cause the feature weights to converge and the

consequent decision function to provide the basis for consistently good

performance by the decision process. Figures 5.2 and 5.3 summarize the

evolution of the feature weights. Instability is evident up to set 5

while the learning process and decision function were being modified and

the experience was low, fifty-eight cycles and eighteen training attacks

at that point. The exaggerated change of DBALA and AMZERO between set

3 and 6 is a result of the fruitless attempt to compensate for the

corridor coverage "blind spot" noted in section 5.4 which drove the

value of DBALA up and forced AMZERO up also (set 3-4) to protect the

expected loss criterion. SOLEDM and SOLDMA were added in set 4 and

DBALA and AMZERO made parallel returns (set 5) to slightly above their

set 3 levels. By set 6, after seventy-three cycles of thirty-four

attacks, the experience factor and the completed feature set have

stabilized the learning and thereafter only minor adjustments are made,

except to AMZERO, which finally settles down at set 12.

I

I

I

A justification of the relative values of the converged weights

requires some analysis. The dominance of AMZERO provides for backup

coverage on AM, but not at any cost. Recall, that AMZERO is the expected

value of AM having no defense if the selected defense fails. For a

given AM, if the final defense under consideration is a DM, the .75 kill

probability for a DM used in the test environment times the expected

value of the target, say 10, would contribute 2.5 to AMZERO, resulting
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in a contribution of approximately 3 ° 5 to the decision function. This

alone would normally force an alternative action. However, if the fina]

defense is a TDM with a kill probability of .95, the contribution to

AMZERO is only .5, and .1 to the decision function, easily exceeded by

voiding aDM site, say. Note that AMZERO gives the effect of Heuristic H3

with additional flexibility, and this effect was independently constructed

by the learning process.

Several features with low valued weights normally are encountered

in groups. For example, when a single DM site is voided and uncovers

a PAC, the feature values DBALA and CUND are incremented by one (l).

If the PAC leads to an active target, then CUNDA would also be incremented

by one (l). If, further, the PAC leads to a locally undefended target,

then CTUND would be incremented and CTUNDA, also, if the target was

active. The cumulative effect then of voiding a single DM site could

be equal to 1.1, and even higher if DMMOBI, DMMOB2, SOLDMA or SOLEDM

were effected. Similar grouping occurs when voiding a local defense

site, with contributions possible from AMZERO, TLUND, TLUNDA, CTUND

and CTUNA. A final observation is that in the environment established

to test the model most targets were given a value of 10 so that, with

the DM probability of kill set at .75, incremental contributions to

AMONE and AMTWO are usually 2.5, Hence, during the early phase of an

attack when features with large weights are commonly zero, the

contributions of AMONE and AMTWO sway the allocations in favor of

expected loss as opposed to balanced defense, measured at this point by

DBALQ; however, as the DM sites reach the half depletion point, then

DBALH dominates both AMONE and AMTWO.
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Clearly, the values of the feature weights are dependent on the

defense system environment and in particular on the assigned target

values and assumed probabilities of destruction for DM, TDM, and AM.
I
ITo test the performance of the decision function, two comparison

attacks were run against the model as learning progressed. A summary

of the results is given in Tables 6.1, 6.2, and 6.3. Comparison

Attack Number 1 consists of fifty-six AM attacking seventeen targets

located along the right border of the defense system. All attacks are

through plausible attack corridors. Comparison Attack Number 2 Is

more general, consisting of ninety-nine AM against the thirty-three

S, D and M type targets in the system. Attacks are not necessarily

through the plausible attack corridors. In both attack scripts, the

number of DM and TDM are strictly limited to present a difficult

I

defense problem.

Two techniques were used in simulating the results of AM engagement,

one using the probability of destruction specified in the environment

for DM and TDM, namely .75 and .95, and one using a probability of

destruction of one (l). The second was adopted to provide a better

measure of the growth of the decision process by avoiding the "wrong

result from the right decision".

I
I

The "mesa" phenomenon is observed in Comparison Attack Number 1,

Table 6.1. From weight sets 4 through 6 (54 cycles) the same targets

are struck, then in set 7 target SI is saved and not struck again

throughout the remainder of the sets. Recall that sets 4 through 6

covered the large fluctuations in DBALA and AMZERO, indicating the mesa

was very large since the same overall problem solving ability persisted
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Comparison Attack Number 1 with Probability of Kill of 1

Set Final Value fo of
Number Value Loss Maximum Hits

8526WOE*

546 5
6

1
2

3
536
546 5

4
3

5564

30 18.755565
30 18.755566 3

2566 20 12.57

( identical to 7)8
566 20 12.5 29

(identical to 9)10
1111
1112
1113

Initial Target Value: 586
Minimum Target Value : 426

Maximum Possible Loss: 160

Heuristics: 1, 2, 4, 5, 9

Targets Hit

P3, P4, SI

P3, P4, SI

P3, P4, SI

P3, P4

P3, P4

Whites of Their Eyes Technique. (see section 1.5)

Table 6.1

6o 37-5
40 25
50 31-25
40 25
30 18.75

P3, P4, P6, si, s4, S5
P3, P4, si, S4
P3, P4, Si, S4, S5
P3, P4, Si, S4
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Figure 6.1 Comparison Attack Number 1 with Probability of Kill of 1.



Comparison Attack Number 1

Value Loss Maximum Hits Misses*

WOE 506 80

woe 50

12

Targets Hit

(same )

( same )

The number of times a DM or TDM missed an AM

Table 6.2

with Probability of Kill of .75 (DM) and .95 (TDM)

P3, P4, P6, PI2, SI, S4,
S5, S6

( same )

P3, P4, p6, pB, si, sk,
S5, 12
P3, P3, P4, p6, si, s4
P3, p4, p6, si, s4, 12
mi, P3, p4, p6, si, s4,
S5, 12
P3, P4, P6, SI, S3, Sk, S7
P2, P3, P4, S2, S6

( same )

istics: 1, 2, 5, 9
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Figure 6.2 Comparison Attack Number 1 with Probability of Kill of .75 (DM) and .95 (TDM)



Comparison Attack Number 2 with Probability of Kill of 1

Table 6.3
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1
even though the periodic decisions varied widely. Recall, also, that

the weights had nearly stabilized by set 7, so uniform performance is

to be expected.

Loss of only P3 and P4 is essentially the optimal solution to

Comparison Attack Number 1. P4 is saturated in the sense that it is

attacked by nine AM and has a total of only eight defense opportunities

so is indefensible. P3 is attacked by the final AM, designed to take

advantage of an expected void at the sole defending site. The void

occurs in period 9 and the AM is launched in period 10. No apparent

alteration of the decision function would avoid this situation.

j

I

Although there is fluctuation of performance shown on the chance

engagement runs, the results of the test runs demonstrate the steady

improvement in the decision function throughout the training phase

until, at convergence, a near optimal decision process for defense

missile allocation in the test environment is attained. Since the

test environment was arbitrarily determined, an immediate extension of

these results can be made to any other similar defense system environme

in the sense that the learning procedure applied in that test will

effectively develop an equally good decision function (perhaps with

different weights) for that environment.

n
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VII CONCLUDING COMMENTS

Although the results of the experiment described in the preceeding

chapters are encouraging, it must be noted that to constrain the scope of

the research it was necessary to impose several limiting assumptions on

the environmental model and to deliberately omit some promising ideas in

the decision process. Some of these deserve comment.

I In the environmental model targets were geographically represented

as rectangles and damage from successful attacking missiles were accorded

only to the target within which the missile landed. Damage assessment

programs exist which calculate the blast and fallout effect of nuclear

detonations on a target system as a function of weapon yield (megatons),

impact point, height at burst and vulnerability of individual targets.

Large data files have been created and are being continuously maintained

for use by the damage assessment programs, and others, so it is reason-

able to assume that an operational anti-ballistic missile system would

utilize both the data base and the damage assessment programs to provide

expected loss.

Another simplification in the model is that of assigning a single

probability of kill to each type of defense missile. The reliability of

a defense missile is probably a function of distance to the intercept

point, height of AM, location of the AM with relation to the DM site

(i.e., is it approaching, going away, overhead, passing abeam of, etc.),

configuration of the DM warhead, the booster and the launch pad employed.

It is to be expected that reliability information will have been determined

from a small sample size due to the expense of testing and the evolution

of the missile itself. During an attack the results of every engagement
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should be analyzed to provide continual updating of reliability for use

by the decision function.

Within the decision process little emphasis was placed on the

selection of a terminal defense missile either in comparing alternative

allocations or engaging. Since TDM sites defending a target area are

highly interdependent because of overlapping target coverage, a decision

function is needed to select which one to use against AM attacking tar-

gets defended by more than one site. Determining the decision function

is a non-trivial problem, perhaps of the same scope as the one being

reported, and provides an interesting and important area for additional

research.

When considering future events, the decision process assumes the

enemy has an infinite number of AM by always scanning every plausible

attack corridor. However, plausible attack corridors lead from geograph

ical locations where it is known that the enemy has ballistic missiles

and estimates of the number of missiles can be made from intelligence

information. An obvious improvement in the decision process is to count

AM originating at each of the locations and those assessed destroyed by

friendly forces and eliminate plausible attack corridors as the missile

source becomes depleted. For example, the missile ships and submarines

which menace the coasts carry limited, predictable numbers of missiles.

After they have launched all of their missiles, the plausible attack

corridors established to reflect their capability need no longer be

considered. Not only would the decision process be improved by having

better information, but the search time would also be reduced.
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A final comment concerns a posteriori learning;, learning while an

attack is in progress. Because of the nature of nuclear war and the

unlikelihood that a nation will gain practical experience in defending

itself from a missile attack, the training of the decision function will

be done by using models and simulation as was done above. Once an attack

is initiated, the performance of the decision function will be critically

dependent on how well the training model reflected that particular attack,

unless the decision process can adjust itself under fire. The mechanics

for making the adjustments are available in the learning procedure and

can be applied in an off-line mode by reviewing past decisions in the

light of all currently available information, adjusting the decision

function weights as in Chapter IV. To be responsive, key allocations

should be selected automatically (see section 4.1.1 for a discussion of

this technique), since time will probably not permit human analysis to

specify key allocations. The effectiveness of a posteriori learning

is another subject for future research.

I
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APPENDIX A

Program Listing

BEG

IN 0 0 0 0 0 0 10 AHCOOOIO

ARCO

0 0 1 0

ARCOOO2O

ARCUOO3O

AKCOOO3OARCOOO4O

ARCOOO4OAKCOOOSJARCOOO6OARCOOO7O

ruMMtNr outer block

uf

acts; 00000020
INTEGER MAMOATA,NAMOATA,MSQRnTA,NSORDTA, M ATTACK,

MATTAO. NO

MbPECOOOOOOJO
MTGT, NTDLIST,MDMLOSO,NTYPL.MPAMUTA.NPAMI)rA>MPACUTA.

OUOOOO

4 0

FILE DATAIN

"SRMCARC

" ( ? , I

O

) , D A TAnu T 4(2,15):

OuOOOOoO

FILE

PACDTAF 01SK SF

R 1 A|. r1: 1 5 1 "CAI.LERD"

"PACOTA"

(1-30); 00000090
FILE

PACDMSF DISH St

R I AL I 1" 1 ]

"CALLFRO" "PACOMS" C

1 " 30) J

OuOOOIuO

FILE

Oil

I P'INCriF 0C?,10); 00000110
LABEL STARTNEWPRUHLEM.ENDnFRUN, 00000120
STARTNF«PRUUI.tMIwRITF.(OATAUIJT[PAGF.I);

OuOOOI3O

LRF. STC"LBEsrCnMR",X«,ISCI2,I2,X3)), BESTCC"BESTCUMB ",X4, 000005 50

15C12, 12,

X3) ), RESTA("BESTALT " , X 4 , 1 5 f I

?,

I ?, X 3 ) ), 000U0560
NnHFOR("HEORISTIC",I2,"

IS SPECIFIED

B|ir Is

ALWAYS

StT") 00000570, KILLAM(/"AM

",13,"

DESTROYED DURING P L'R IOD" , 14, " BY ", ouooosdo
A3." SITE", I4),

COMPINC

000U0590000U0590
"TOTAL ALTERNATIVES WITH HEIIR

ISTICS",

I I 0 , " ,

WITHOUT",

00000600
110/), FUTDLST(/"AT PERIOD", I4, 00000610000006 10

ARCOOOBO

ARCOOO9O

ARCOOO9O

ARCOOO9OARCOOIOO

ARCOOI 10
ARCOOI2O
ARCOOI3O
AHCOOI4O
ARCOOISO

ARCOOI6O

ARCOOI

7O

ARCOOI7O
AHCOOIBO
ARCOOI

9O

ARCOO2OO

ARCOO22OARCOO22O

AHCOO23O

ARCOO24O

ARCOO2SOAKCOO2SO

ARCOO26OARCOO27OAKCOO2BO

ARCOO29O
ARCOO3OO

ARCOO3IOARCOO32O

ARCOO33O

AKCOO34O

ARCOO34O
ARCOO36O

ARCOO36OARCOO37O

ARCOO3BOARCOO39OARCOO39OARCOO4OOAKCOO4IO

ARCOO42O

AKCOO44O

AKCOO4SOARCOO46O

ARCOO47O

ARCOO4BOAHCOO4HOARCUO49O

READ (DATA IN, /.MAMOATA.NAMDATA.MSQROTA.NSORDTA.MATTACK.

Ou

oool 4o

NATTACK.NOMSPEC, MTCiT,NTDLIST,MDMLOCO,NTYPF.M

IJAMDTA.

OOOUOISO

NPAMDTA.MPACOTA,NFEATURES>; 0000016000000160

BEGIN OuOOOUOCOMMENT

MAIN

BODY OF

ACTS; 00000180
INTEGER I . J,K,KA,NIGT,N3. N T YPT , NP

AC

I) T A , NP

AC

, AMDE T .

AMMO*

, 00000190

ESTOTAM,

L ASTPROW.LASTPCOI

,I.ASTALT,

T

WOCOR

. T HREE COR,KB ,

OUOOO2OOKC,KU,Kt,Kf,KG,

ALTFRSGNL,ITUM7ERU>ITOM|]NF,ITDM2EROA, C 0000210
ITDMONEA,

MINATT.CURATT,

R EPE AT . TREPE AT , AMINO,

CYCLE,

00000220
INITUNC, VI , V3. TV 1 , TV3.L. Vt,LV3, W«

AC

,NPACDMS, 0000023000 000230
ACTIVEINOEX, FIJTALT.NEXTALT. FINALT, MAXAMDT, NUMGRPS, 00000240
GRPNOW,

GRPCUTOFF.SAVECYCLE, NDM,MSaR,NSQR.PERIOO,NAM,

00 000250

ALTX,L,TGTAf-F,TnMAFF,FVALCNT,SUBEVALCNT:

0000026000000260

BOOLEAN HEURISTIC?,

ME

URISTIf3,HEURISTIC4,EEAS»TDMONE,TOMZERO,

00000270

ACTVTGT,

SOUK,

LEARNING,

F[.AC,, A MFL AG,

PAC

1 M ,

REBUILUPAC,

00000200
FLGA,HEURISTICB, aoriKI,BOnK?>NEWWATE,APJWATE,CDMPARUN» 00000290
00T1 ,00T2,0UT3,

OUT

7, HEIJR

ISTI C

9, HEUR

ISTI C

1 . HEUr)ISTICS,

OuOoo3oo

HFURISTIC6.HEUR!STirIO.ANSWFR,ANSCOMB,ANSWAS,|.SAVE, 000U0310

HEUR!STIC7,NODFFENSF.NOrGT,TOnLATE,FIR?TPASS,RSEED,BPAc;

00000320
REAL

V?,TV2,LV2,Cw,Cwn,MAXPF.RIOD,MfNTGTVAL,TnTVALoE,FINVALUE>

00000330

TCTD,

T,TA« TB,TME,TI)MPROH,nESTPROB» VALU.XVALU, 000003*40
RANDOMSEEI); 00000350

INTEGER

ARRAY

SORX

, SQR Y

C

O t I

OO

) , I

NTC

r

O

:

MTGT

] . TDL I

ST

[

O

I NTDL I S T ] , 00000360
ANSINDEX[OUOI,REPWATFCOi|<FFATURES],RDnKANSWER[OI3O,OIIO 1000003/0, DMVUID[O!NTYPF],DMCOUhIIr:O:Mr)MLOCO],AI TERS[OIMAMDATA,OI 00000380
11 1,

SDLOCOIOIMDMLOCOxNIYPEI,

SQRTGTt 01 MsORDI A, 01 NSOrDTA ,

Oo

0003 '

JO

0 1

151, BESTCDMB,LBESTCOMBrO:3OI,ACTGTrOI?,OWI,GHUUPSIO:

0 0 000400
MnMLOCO),

RUNIOCOI4I,

DL I

ST

[ O I NTDL IST 3 »TDMTGT f O I

MTGT,

0 1

OoOOOtIO

IS],

BESTAL

t

COIMAMDAT

A],

PACDMS

[0:2 39 ] ,

SDM

VIO ! NT YPE 1 , 00000420

SfILEUM,SOLOMACOiII,

TGTIAO[n:MTGT»O:S],SQRDTAtO:MSORUTA, 00000430
OINS«RDTA]»AMI)ATAIOIMAMI)ATA, 0 I NAMDATA],PACOTA[O:MPACf)TA, 00000440
OI63I,PAMDTArO!MPAMnTA,OINPAMnTA]; 0 00 004500000 0 45 0

REAL ARRAY I N TA , I NTB [

O

: MTGT I , A T T

AC

K [

O

! MA TT

ACK

, 0 I NA TT

AC

M , PFEAT, 00000460
PFEATURE , LI-

EATIIRE,

LPFEAT URF,TNPFEATrOINFEATURES], 00000470

SAVEINFCO:

150], DMLncn[O:MDMLfICO,O:NTYPE+3],TGTMNXCO:

Ouooo4So

MTGTJ.TGTLCVIO: MTGT, O:4], WATE,XWATE,INFEAT>INLFEATrOi 00000490
NFEATURES], DMSPEC[OI2XNIYPF],FEATURF,TFEAT,XFEAT[OI 000 00500
NFEATURES]; 00000510

ALPHA

CODE*

00000520
LABEL FULL,

FINISH, SIMRESULT,NEXTPFRIOD, REPORTS, PROCESS;

OoOUOSJO

FORMAT

TGTINC A4, A6> X3, Aft, XT, 4 13,X? R7 . 0, X2, R4 .0 ) , A ( A j) , 00000540

NFEATURES: COOOOO5O

RIAL ARRAY XXXXXXTOMJ; OijOOOOOO

DEFINE TY=ATK=XXXXX<rO)<; 0 v0 U 0 0 7 0
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" THERE

IS

NH

OFFLN^F

AGAINST AM", 14."

ATTACKING

TaRgLT "00000620
,A6,", THE RESULT "lILL HE

AS

FOILOWS "I, nESTTOTf 00000630

"TARGET

".A6,"

STRUCK DURING PC

R I

OLI"

,14 , " RY AM", I4. 00000040

TARGET

VALUE

IS NOW"

» F 1 1 .

7/

) ! 00000650

SWITCH format

HEHR4 ( "DIIMMy" ) , c "HFIiR IST I

C

1 USE Pac i.ODKAhCAO" }, ( 00000060

"HEURISTIC

?

USE

IDM (Hi A A

ARRIVING

AT TARGET Til CURRENT PERIUU"OOOUO67O
). ("HEURISTIC 1 Aiways PROVIDE LhJUBLF >~PTh DEFENSt

C",0o000680

"OVERAGE"), ( 0000 0 6 v0

"HEURISTIC

4 usl KILL PROBABILITY

OF

1 FUR DM ANU TOM")

OuOUO7OU

, ("HEURISTIC 5 AD° I V INOEpENOENI am PLANNING"), (

Ou

o00710

"HEURISTIC

ft APPLY PRESPECIfIFO

OM GRDIIP

PLANNING"), ( 0 0000720

"HEURISTIC

7

USE WHITES OF

THFIR EYES DEFENSE STRATEGY")

OUOOO73O

. ("HEURISTIC fl

DEFENO

lljl.v

TARGETS

WITH EXPECTED V ALU" .

OuouO7

4 0
"f>MINTGTVAL"), ( 00 0 00750

"HEURISTIC

9

SFLECT ON DECISION FUNCTION

VALUE ONLY"); 0u0U0760

COMMENTCHLKHIT IS

TRUE II- BIT H IN

WORD

A I 3

SET TO

I! ououoB4o

BOOLEAN STREAM

PROCEDURE

CHEKB

TT(A1M ) J 0i,000850
VALUE tit

Oi

000860

BEGIN OuOOOB/OSl4

A ! SK 1 P R

Sf>

1 TA L l. Y4

O

: OuOUOBOO
IF

SB

THEN TALLY«-1i

CHEKR

IT*TALL V ;

OOOOJB9O

END CHEKHIT) 00000900
OoOuOUIO

COMMENTSEIBIT SETS

PIT H In

WORD

A

TO

1'" 00000920

SIREAM PROCEDURE

SETHIT(A.M); 0u000930
VALUE B! 00000910

BEGIN

0u000950

END SETBIT; 00000970
00 000980

COMMENTCLEARBIT SETS

BIT M IN WDRII \ TO 01 0u000990

STREAM PROCEDURE

CLE ARB I T ( A, H ) : OoOuIOOO
VALUE B!

OuOOIOIO

BEGIN

ouoOlO2o
DUAi skip r or; us»reset; OoOOIOjO

END

CLEARBIT!

00001040

STREAM PROCEDURE PICKCH

AR

S

(

SRCF

,PE "- T

.SCHR

,

OCHR

,

NCHR

) ; OOOUIOSO
VALUE SCHR.DCHR, NCriR; 00001060

BEGIN

■ 00001070

COMMENT

TRANSFER

NCHR CHARACTERS

iJEGINnIING WITH tmE

SCHR CHARAC

TE ROuOO I

OBO

IN

SRCE TO DEST BEGINNING

AT THE

TICHrt

CHARACTER IN

OESTI

ouoolo9o
Sl<-SRCE) Slt-SItSCHR)

S

I t-s I- 1 I DItXIESTJ 00001100

DUDI+DCHRS

nitni-U

DS4MCHR Crlß!

00001110
FND PICKCHARS) 00001120

00001 130
COMMENT BREAKDMWORD UNPACKS OMWORO IN THE

FORM

STORED IN TABLE AMDATA 00001140

ANO PUTS

THE NUMBER

OF

RFLFVAUT TIME PERIODS IN A, FIRST EFfEC"

Ouoollso

TIVE

PERIOD

IN ri, DM

STTE NO.

IN C AnP PM TYPF IM DJ

OuOOUftOSTREAM PROCEDURE

BRL AKDM

WORD

( DM

WOR

n . A , B , C .

O

) ) 00001170

BEGIN OOOOHOO

SI4D*WORD; S!«-SI*2) Dl4rt!

0S«-fl

LIT "1": 000U1190

ARC

0 0500

ARCOOSIOARCO

0 5 1 0

ARC

0 0520
ARCOOS2?

ARC

00522

ARCOOS2

1

ARC

00524
ARC 0 0524
ARC00526

AKCO

0 5 2 7

ARCO

0 5 2 I

ARCOOS2B

ARC00529

ARC

00529
ARCOOS3O
ARCOOS3O

ARCOOS4O

ARC

0 0540

ARCO

0 5 5 0

ARCOOSSOAHCO

0 5 5 1
AR(O 0 5 5 1

ARCOOS6OARCOO

5 60

ARCOOS6

0
ARCO 0 5 7 0

ARC

005 70

AHCOOS7OARCO

0 5 7 1

ARCOOS7

1

ARC

0 0580

AHCOOSbO

ARCOOSBO
ARCUOS9O

AHCOOS9OAHCOOS9I

A H

C

0 0 59 1

ARCOO6OOARCO

0 6 0 0

ARCOOoOOARCOO6

10

ARCUO61

0
ARCOO62O

ArtCoo63tARCOO63O

ARCOO64O

ARC

0 0650

ARCUOfi6OARCuOftftOAhCO

0 6 7 0

ARCO

0 6 7 1
AR

C

0 06 1 1
ARC00672

ARCOO

ft 7 J

ARCOO6BOARCOO6BO

ARCO

0 6 9 0

ARCOO69

0
AR

C

0 0 700
ARCOO7UI,

I

1

I
I
1
I
I
1
I
i
1
1
1
1

DEF INE

FPRI=FOR

14-0

STFP

1 UNTIL *. 0u000770

FORII=FOR

141

STEP

1 UNTIL

*,

ououo7oo

FORJ=FOR J4O STEP

1 UNTIL I. 00000790
Fr)RJI=F(IR J4)

STEP

1 UNTIL >" OuOOOBOO

FORK

=

FOR X4O STEP

t UNTIL

I,

OuOOOBIO
PACPTAN3=PACDTArN3,M6:ft],NI.f4 :I:6)]j>: (0000820

(,0000830

DI «" A
) SKIPS Ofl;

DS«-SEt;

0 0 000960

P14B)

DS4B

LIT """I D I

<-C

:

OS4I

LIT "0": ouool2oo

PUO> DS4B

LIT "C"! UI4A: 0I«-0 1 47 J PSfCHR) 0i)0O1210
p|4h;

di*oi+b; DS4?

chri di*cj owot+s; 00001220
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"EGIN

00001020

ARC 007 10

ARCO

07 1 0
ARCOO72I
ARCUO72I

ARC

00722

ARCOO72CARCOO72OARCOO73OARCOO73O

ARCUO73O

ARCOO74OARCUO74OARCOO74OARCOO7SO

ARCUO7SOARCOO7SOARCOO76OARCOO76O

AKtuo77o

ARCOO77OARCO

0 7 7 0

ARCOO7BO

ARCOO7BOARCUO7BOAKCOO79OARCOO6OOARCOOBIO

AHCOOB2OARCOOB2OARCUOB3OAKCOOB4O

ARCOOB4OARCOOB4IARCOOB4I

AHCOOB42
ARCOOBSO

ARCOOBSO

ARCOOO6O

ARCOOB7O

AHCOOBBO

ARCOoaeo

AKCOOBBO

ARCUOB9OARCOOB9O

ARCUOB9I

ARCOOB9IARCOO9OOAHCOO9OO

ARCOO9OOARCOO9OO

AKCOO9OI

AKCO

0 9 0 1
ARCOO9IO

ARCOO9IOARCOO9IOARCOO9IOARCOO9I

I

ARCOO9I

1

ARCOO93OARCOO93U

ARCOO93U

OS4?

CHR; Dl4Di fIUDI+7,

DS*

Iri'.V 0u001230
END BREAKUMwORO) 0u001240

COMMENTACTIVE IS

TRUE IF IHE

TARGET

TYPE GIVEN IN A INCLUDES A

C

HA H A C TK 0000 1 260
IN THE

ACTIVE TARGET LIST

dIVtN IN B) 00QU1270

BOOLEAN STREAM PROCLDURE

ACTIVFCA.P):

OuOOI2BOREC.IN

0u0U1290

BOOLEAN STREAM PROCEDURE

ISIN(R,C)I

BEGIN

Integer stream procedure uccurcvector. n, wo. vc.we
VALUE

VC.WCNCN!BEGINCOMMENTOCCUR IS

INDX IF THE

NC

CHARACTERS IN WP

STARTING

AT 010ui470

CHAR WC

UCCUR IN THE FIRST N

WORDSOF VECTOR

IN LOCATION

VCIF

THFRt. OuOUIHOO

IS NO MATCH

THEN (ICCI)R =N» 00001490

FND OCCOR) 000U1540

COMMENT PACKWORD

PACKS

THE

LAST

CHSRACTER IN THE

FIRST

8

WORDS

IN

Vb.CTOR

0000 1 560
INTO WORD, UNPACK

REVERSES

THE PROCESS) 0U0U1570
STREAM

PROCEDURE

P

AC

K

WORD

( WORD, VEC

TOR

) : 00001560

REGIN

0u001590

END PACKWUHO;

Ouool6loSTREAM PROCEDURE

UNPACK ( WD, V ) ; 000uio20

BEGIN

00001630

END UNPACK) 0u001660

COMMENT

MOVEWORD

STORES

WURD A IN

WO7D

B) 00001600
STREAM PROCEDURE

MOVE

WORD( A,p ) J 00001690
REGIN 00001700

END MOVEWURI); 000U1720

COMMENT

SETUNES SETS EACH

HIT IN WPRP W

TO

1! 00001740

STREAM PROCEDURE

SETnNES(W);

ouool/50BEGIN

00001760

END

SETONES; OoOO!7bO

CJMMtNT PACVALOE

IS

A Ou"MY

PROCEDURE

TJ PFKMIT FUTURE E<PANSIUN)

OoOOlflOO

REAL

PROCEDURE

PACVALOE) 00001810

PACVALUE4O; oooulB3o

0 0 0 0 12 5 0

TALLY4O) SUA) RMf

St="o"

THEN JUMP

OUT;

00001300
DUB) 8(IF SC

=PC

THEN TALLY4II oooul3lo
IF

TOGGLE

THFN JUMP OUT;

SI<SI

- 1 ) ! 0ij001320

IF

TOGGLE

THFN JUMP

OOTJ

SUSI + l): 0u001330

ACT

I VE4T ALL Y I 00001340
END ACTIVE) 00001350
ROCEOURE ISIN(R.C): 00001360

REGIN

00001370

COMMENT

TRUE TF

CHAR C IS

IN E)0o0O13O0
SUB) UI4C) OUOI +7I MLLY*O) 00001390
fl(IF

SC=DC

THFN TAILY4|j 00001400
IF

TOGGLE

THFN JUMP

OUT.

OTuPI-i): ooooi4lo
ISIN4TALLY) 00001420

FN D I

S

I N ) 00001430

ROCEDORE UCCURf

VECTOR,

N, WO.VC.

WC, NC ) ) 00001440

CWCNCNi

00001450
REGIN 0U001460

suwd;

susuwc;

susi-i;

ouvector: 00L01500
OUDI+VC) PUOI-i: TALLY4O) 00001510
N(IF

NC SC=DC

THFN JUMP nuT! TALL Y 4T ALL Y + I I 00001520

SUSI-NCi

DUOI-NC! PUDT+A))

OcCUR

4 TALL V ' 000U1530
0 0 0 0 15 50

OUWORD) SUVFCTO,;: B(SUSI47) OS4CHR)!

Ouool6oo

SUWO) DUVj 9(0*4-7 LIT

"OOOOOOO";

0u001640
DS4CHR) 00001650

00001 670

sua; oub; rtS4Wf)s; 00001710

00001 7 30

OUw; P5446 SFT) 0u001770

00001790
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fnoremDm; 00 0 0243 0

ARCO

0 930

ARCOO93I

A

RC

00 9 3 1

ARCO

0 9 40

AhCO

0 0 40
AKCUO9SO

ARC

0 0950

AHCO

0 9 6 0
ARro 0 9 7 0

AHCO

0 9 7 0

ARCOO9RO\RCOO96OARCO

0 9 9 v
.;rcu 1 0c 0
ar c 0 1 0 0 0

ARCO

1 0

C

1

ARC

0 100 1
ARCO 1

C

10

AkCl,lolo

AKCO

1 0 1 0

ARCOIOIOAKCOIC2OARCO

1

C

2 0

ARC

0 1 030
AR

C

0 1 0 30

ARCOIO3OARCOIO4O

Al<Co

1 P 4 0

ARCO

1

C

4 0
ARCO 1 C 4 0

ARCO

1 0 5 1
A RC 0 1 05 1

XKCOIOS2

A

RC

0 1 P 5 0
A R

C

0 1 050
ARCOIOSO
AR(O 1 0 5 0

ARCO

1 0 6 0

ARCOIO7O

ARCO 1 0 7 0

ARCO

1 0 7 0

ARCO

1 080

ARCOIOBOARCO

1 0 8 0

AKCOIOBO

ARCO

1 0 9 0

ARCOIO9OARCOI

I

OOARCO

1 1 0 0

AKCO

1 1 0 0

\HCoI ICOARCO

1 1 1 0

ARCOI

I

IOARCoI

I

2O

ANCOI

I

2OAKCOI

I 3u
A R C 0 1 1 3 0

ARCOI

1 30

AROOI

I 4O

ARCOI

I

4OARCOIISI

NQPACvALHi 0 0 0 0 1 B 40
Pi, 00! 850

COMMENTRANDOMIS

A RIAL

VALUFO

»U;PO

RANDOM

NP. HFUFEN 0 AND l;

OuOOISoO

REAL

PROCEDURE

RANPUM!

ouoOlB7oBEGIN

0 1.001 8 80

STREAM PRDCEDURf

SLTTJR(P)! 00001890

RLAL A) 0u001940
ci TOR( » ) > P0001 950

tM( RANDOM) OoOu l 960

COMMENTCOVERED

15 TRUE II

T.'.HG,

T

tPfClFli'i

? ' 1

IS

LOCALLY OEFINOED) Ouoo2ooo
BUULtAN

PKUCtPURF CUVEREDC

I )) 100U2010
VALUE I i Pooo2 020

INTFGFR

i;

0-.iOu2oJo

11f c, 1 N 0 0 0 0 2 0 40

INTEGER

J) 00002050
LABEL FIN) 00002060

COVERED*'

A I SF : 00002120
FIN: i"NP COVERED)

OoOO?130COMMENT

RLMUM

IS

THt. NUMBER

Of

OFFENSE I »P" >( T UN! TI E S AFTER PERIOD PER 00002150
FUH AM WITH DATA

SIHRiP

IN

ROWRON Of

TABU' -\ I. TFR5 ) P00U2160

INTEGER PRUCFDUHI

REMDM (

ROW

, PFR ) ) 0()0o2170
VALUE ROW.PER) 00002100

INTEGER

ROW, PER* 0u002190
p I G I N 0 0 0 o 2 2 o 0

OUMMENTCOUNT

THE

OEFFNSt OPPORTUNITIES

FOLLOWING PErtl-H-

PER;

000U2210

INTEGER

I.,K,KA,KB.KC,KD,KE.KF; (H.0G2220

LABEL FIN, L?,LI! 00002230

Lll EUR I4«s

STFP

1 U"TTL KF TO 00002350

IF KE>PfR AMD NPT

CHEkBI

T (PMVPIPT kij J >l\C) THEN X <- K4

Ouoo2

jy0

L2l END! 00002410
FIN! R E M I) M <- X ; P0002420

00002440

HEGIN

Ouool9oo

pl► h ; 1 (p

S

4 2 R■")f T I 0

S

< 1 set: ) ! 0000 ) 9 I 0
n

S

. .1 9

"FS

F T ; Po-0o 1 9 2 0
t no

SI

TUP: OoOOI9JO

RANDOM4REAI

( ( '. S' f ii.

H'",

I!. '"AN( 9045viRF"AL(RSFEL')4 00001900
21152713V) AMP

RPOLEA'H

M421 772.") ) PR 'DOLE AN(A ) ) 00001970

OoOOI9VO

FUR J42 STEP t l"TIL 5 DM It TD|

ISTT TS

M Al)f I, J ) ]*,) 00002070
THFN 0 0 00 2 0B0
BEGIN P0L02090

COVFRFU4 TROFI SO

IP I" 1N : 00002100
LNP) Po 0 1 2 1 1 0

0000

:>

1 4o

K F 4ALTf R S f R P w , 3 ) ' 0000 2 2 4 0
Tf PF R= 4MIIAT A T ALTf RST Kfl'i .o] , 2 ) THEN 00002250

HEGIN

0U002260

K4O

!

GO

T P f T'l 000 02270
E N 0 : 0 0 0U2200

KAiKß.Kt.Kni".^

P00022V0
X L 4 A m0 A T A ( A [ TF R

S

f R 0 w , 0 1 . 3 1 : 0 00 0 2 3 0 0

FOR U?»3,4.5 PO

|F TOLIST(TGTTAO[KF, 11 J>o THLN OCOI/2310

HEGIN

00002320
K4 l ; GO TP 11 00002330

L NP ! 0 0 0 0 2 3 4.)

BEGIN 00002360

BREAKOMWORIKALTERStROW,n,KA,KB,KC.

KO)S , 00002370
IF Kb>o THEN fill TPL?: KF ' Kr)+ X A ! 00002300

KE-TIF Pfp<Kß THFN K.H-1

ELSE

ufR): 00002400
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I
I
I

CUMMENT

HEUR2

IS

TRUE IF

HEORISTIC

H' APPLIES TB THE AM STORED IN AMDAT

AOOOO2

4

SO

ROW

I

DURING

PERIUD P! 00002460

BOULEAN PROCEDURE

HEUR2(I,P)) 00002470
VALUE UP! 00002480
INTEGER UP! 00002490

BEGIN

00002500
HEOR24FALSE) IF

MOT

HEURTSTIC2 THEN

P4O!

00002510

FUR P4?, 3,4,5

DO

IF TPL I

S

T [

TG

TTAPr I , P ] )

>O

THEN 00002550
HEUR24TRUF 00002560

FND) 00002580

COMMENT

HEUR3 IS THE INDEX IN ALTERS

ROW

N WHICH SATISFIES THE PRO V I

S

I

ONOOOO26OOOF HEURISTIC

H3)

INTEGER PROCEDORE

HEUR3(N))
VALUE N!

INTEGER

N)

REGINCUMMENT

HEUR3 ID INDEX OF

ALTERS

POW N

INTEGER

A,8,C,0,1,J,K,L.AN3)
LABEL fin.seth;

SETHI

ARC

01 151
ARCOIIS2
ARCOIISO

ARCOUSO

ARCOIISO

ARC

31 1 5 0
ARCOII6O
ARCOII7O
ARCOII7O
A R

C

0 1 170
ARCUIIBO

ARCOI

IBO
ARCOIIBO
ARCOIIBO

ARCOIIBI

ARCOIIBI

ARCOIIB2

ARCOII9O
ARCOII9O

ARCO

1 1 9 0
ARCOII9C
ARCOirOO
ARCOI2IO
ARCOI2IO
ARCOI2IO
ARCOI22O
ARCOI22O
ARCOI22O
ARCOI22O

ARCOI23O

ARCOI23O
ARCOI23O
ARCOI24O
ARCOI24O

ARCOI2SO

ARCOI27O

AHCOI27O

ARCOI27O
ARCOI2BO

ARCOI26OARCOI2BOARCOI2BOARCOI2BOARCOI2BO

ARCOI2BO
ARCOI29O
ARCOI29O
ARCOI3OO
ARCOI3IO
ARCOI3IO
ARCOI3IO

ARCOI3IO

ARCOI32O
ARCOI32O
ARCOI32O
ARCOI33O
ARCOI34O
ARCOI34O

ARCOI34O

ARCOI34O

ARCOI34O

I

f
1
I
I

I
I
I
I
I
1
I

IF P = AMOATAn>2] AND AMOATA (1,4 ] >0 THEN 00002520

BEGIN

00002530
I4AMUATAI I,3I! 00002540

END 00002570

00002590

IC

H3) 00002610
HEUR3(N)) 00002620

00002630
0u0u2640

GIN

00002650
3 ID INDEX OF

ALTERS

POW N SATISFYING HEURISTIC 3; 00002660
A,8,C,0,1.J,K,L.AN3) 00002670

FIN.SETh;

00002680
AN34ALTERSIN.3); 00002690
IF NOT HEURISTIC*

OR

AN.3=5 THEN 00002700

BEGIN

00002710

HEUR34AN3; GO TO

FIN) 00002720
ENO) 00002730

L4ALTERSTN,

I)4I ) IF L=l THEN L*s) K4P) 00002740
IF NOT

BPAC

THEN 00002750

BEGIN

00002760

FOR

J4AN3 STEP -1 UNTTL L 00 00002770

BEGIN

00002780
BRtAKDMWORP(ALIERSrN,J],A,B,C»D)> 00002790
IF

A*o OR K*o

AND K*B THEN

GO TO

SETH) 00002800
K4B) 00002810

END FORJ) 00002820
IF J=4 THEN 00002830

BEGIN

00002840
J45)

GP TO SETH

00002850
END) 00002060

HEUR3*J)

GO

Tfl FIN) 00002870
END ELSE 00002600

BEGIN

00002890

FOR

J4AN3

STEP

-1 ONTIL 5 90 00002900

BEGIN

080U2910
BRtAKDMWORD(ALTERStN,J),A,3,C,D)) 00002920
IF DMLoCo[e,P+3)>l THEN GQ TO SETH 00002930

END FORJ) 00002940
HEUR34AN3I GO

TO

FIN) 0u002950
END) 000029e0

K4B) 00002970

FOR

J4J4I

STEP

1 ONTIL AN3 DO 00002980

BEGIN

00002990
BREAKDMWORD(ALTERSIN,J).A,B.C»Q)> 00003000
IF Bl>K THFN 06003010

BEGIN

00003020
HEIJR34J-1!

GO TO

FIND 00-003030
END 00003040

ENO

FORJ) 00003050
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HEUR34AN3) 00003060
FINI END HEUR3) 00003070

ARCO 1 3 4 0

ARCOI3SOARCOI37IARCOI37I

ARC01372

ARCO

1 3 7 0

ARCOI3BOARCOI3BO

ARCOI36O
ARCOI39O
ARCOI4OO
ARCOI4OO
ARCOI4IO
ARCOI42O
ARCOI42O
ARCOI42O

ARCOI43OARCOI43O

ARCOI44OARCOI4SO

ARCOI46O

ARCOI46O

ARCOI46O
ARCOI46O
ARCOI46O
ARCOI47O
ARCOI4BO
ARCOI4BO
ARCOI49O
ARCOI49O

AHCOI49O

ARCOI49O
ARCOI49O
ARCOISOO

ARCOISOO

ARCOISIO

COMMENT FINDGROIJPS ESTABLISHES PLANNING

GROUPS FOR

AM STORED IN TAHIE 06003090

ALTERS BEGINNING

WITH

ROW

a AND

INCLUDING ROW

E) 00003100

PROCEOURE

F!NDGRODPS(B.E)I 00003110
VALUE B,E) 00003120

INTEGER

B,E) 00003130

BEGIN

00003140

COMMENTSFT

UP

GROUPS

,

NOMGRPS

AMD

ALTERS

T X» I I I J 00003150

INTEGER

1, J.K.L.P. 1

G

, X , Y . 7 , K A , K8 ! 00003160
LABEL LENDK; 00003170

INTEGER

ARRAY

WGRP

[

O

! NDM , O !

NOM

I ! 00003180
FUR K4B

STEP

1 UNTIL E DP 00003190

FORM L DP

FORJI

WGRPfI.OT

DO FOR

P4|

STEP

1 UNTIL 00003310
WGRPIO, O]

DO

TF

WGRPT.

I, J] =WGRP(O,P] THEN 00003320

Y4WGRPTX.OI; 00003380

AHCOISIQ

ARCOIS2O
ARCOIS2O

ARCOIS3OARCOIS3O

ARCOIS4O

ARCOIS6O

ARCOIS6O

ARCOIS7O
ARCOIS7O

ARCOIS7OARCOIS7O

ARCOIS7O

ARCOISBO
ARCOIS9O
ARCOI6OO
ARCOI6OO

ARCOI6IO

ARCOI6IO

ARCOI6IO

ARCOI6IO

ARCOI6IO
ARCOI6IO
ARCOI62O

ARCOI63O

WGRPT

IG,O]4KRj 00003470
R4J4NDM) 00003480IF

X*o

THEN

WGRPCX.OI4O;

ENO

IF

WGRP

AND

FORI

: 00003490

LENDKi

BEGIN

END!

01)003080

BEGIN

00003200
74ALTERSTK. 3] I 00003210
IF ALTERSTK./I=o THEN 747-11 00003220
IF 7<5 THFN GO

TO

LENPK) 00003230

FOR

J45

STEP

1 UNTIL 7 DP BRE AK DM

WOR

D ( AL TER

S

[ K , J ] , 00003240
I, I. WGRP[O,J-4 1.1 )T

WGRPIO,

0U747-4! 00003250

IG40;

IF K=R THEN 00003260

BEGIN

00003270
L4l!

FORJ

7

PO WGKPT

t >

JI4WGRPTP,

J] ) 00003200

GO TO

|

ENOK

0i)003290
ENO) 00003300

BEGIN

00003330
IF

IG=O

THFN 00003340
BEGIN 0u0u3350

IG4TI X4O

0U003360
END Fl

SF

X4[; 74Wr,Ri3f

IG.01

) 00003370

FOR

KA4I

S'EP

1 UNTIL P-l

DO

WC,RP lIG,KA4I ] 4W

GRP

I 0000 3 390
X,KA]) K847 + P-W 01)003400
FUR P4P4I MFP 1 UNTIL V

DO

00003410

BEGIN

Q0003420

FOR

KA4I

STEP

1 UNTIL 7 DP IF WGRP[IG,KA]= 00003430
WGRPTX.P] THEN KA..99) 00003440
IF KA<9' THEN

WGRP

CI

G

. KB4K R4 I I

4WGPP

[ X , P ] 00003450
END) 00003460

IF

IG=O

THEN 00003500

BEGIN

00003510
L4L+l! 00003520
FORJ WGRPTO.O] DO

WGPP

T L " J )

4WCRP

I O, J ] ) 00003530
END) - 00003540

END FOR X LOOP) 00003550
K4O)

FORI NOM DO GROOPSCIHO;

000U3560
FUR I 1 L 00 00003570

BEGIN

00003580
P4WGRPrI,OI) TE

P*o

THEN 00003590

BEGIN

00003600
K4K4I; 00003610
FURJI P 01) GROUPST

WGRPt

I, Jl UK ; 00003620
ENO) 00003630

END) 00003640
FUR UH

STEP

1 UNTIL E DP At.

TERS

tI, I 1 ] 4c.RUHPbI AL TER

SC

00003650
1,5].[ 301 12] ] ;

NUMGHPS4K!

00003660



COMMENT ATKTYPE UPDATES TYPATK (TYPE Or .iTTACK LIST)

GIVEN

THAT

TARGET

TP0003690

IS

UNDER ATTACK IN PERIPP P;

PROCEOOHE

ATKTYPE(T.P) i
VALUE T.P;

INTEGER

T , P /"
oEG I N

INTEGER

I,J,KA;

00003820

ACTGU

2,J14P : J4/
00003830

ENO

PACKWURD(TYPATK,ACTGTIP,*])!
END ATKTYPE)

COMMENT

COMBOUT

WRITES

OUT

DM AND TDM

INFO STORED

IN TABLE ARR) 00003930

PROCEDURE

COMBOUT(ARR»NH 00003940
VALUE N) 00003950

INTEGER

N! 00003960

INTEGER

ARRAY ARRCO]) 00003970

BEGIN

0U003980

INTEGER

I,K,KA,KB,KC,KDi 00003990

WRITECDAI AOUT

TDBL])J. 00004010

FORI

KA

DO

00004020

BEGIN

00004030
aREAKDMWOPD(ARRH],KB.KR,KC,KD)) 00004040

INTCTK4K4I

UO) 00004070

INTCCK4K

+ 1 UARRI U 00004080
END

ELSE

00004090

BEGIN

00004100

TNTCt

K4K4I UKC) I

NTC

r K*K4 1 ]

4KO

00004110

WRI

TECOATAOUTiOESTCFORI

X

DO

INTCCI])) 00004170
K42x(FUTALT-l)4l ; KB4-1) 00004100

FORI FOTALT-1

00 00004190

BEGIN

00004200
KA4KR4I) KR4KA+I) 0U004210

END COMBOUT; 00004260

ARCL

I63O
ARCCI63I
ARCOI63I
ARCCI632

ARCLI64OARCO

1 6 4 0

ARCOI64O

ARCOI64O
ARCOI64O
ARCOI6SO
ARCOI6OO
ARCOI66O
ARCOI66O
ARCOI67O
ARCOI67O
ARCOI67O

ARCUI67O

ARCOI67O

ARCOI6BO

ARCOI6BO

ARCOI6BO
ARCOI69O
ARCOI69O
ARCOI69O
ARCOI69O

ARCOI69I

ARCOI69IARCOI7OOARCOI7OOARCOI7OO

ARCOI7OO
ARCOI7OO
ARCOI7IO
ARCOI72O
AHCOI73O
ARCOI74O
ARCOI74O
ARCOI74O
ARCOI7SO
ARCOI7SO

ARCOI7SO

ARCOI7SO
ARCOI7SO

ARCOI7SO

ARCOI76O

ARCOI76O

ARCOI76O
ARCOI77O
ARCOI77O

ARCOI77O

ARCOI7BO
ARCOI79O
ARCOI79O
ARCOI79O
ARCOI79O
ARCOI6OO
ARCOIBOO
ARCOIBIO

ARCOIBIO

ARCOIB2O

ARCOIB2I

END

FINOGHUOPS!

00003670

I
I
I

I

00003680

TTACK IN PERIOD P) 00003700
TYPE(T.P) i 00003710
; 00003720
; 00003730

GIN

00003740
I,J,KA; 00003750
ONPACK(IGTTAP[T,I],ACTGT(C,-)); 00003760

FORI

7

DO

00003770

BEGIN

00003700
KA4ACTGTI

O,

I ] I 00003790
IF KA*" " THEN

FORJ

7 DO IF K A=

ACTGT

[ I . J ] THEN 00003800

BEGIN

00003810

00003840
00003850
00003860
00003870
00003880
00003090
01)003900
00003910
00003920

END)

FORJ

7

DO ACTGT

[0. JUOJ J4O)
FORI 7

DO

IF

ACTGTT

2. I I >P-

AC

TI

V£

I NDE X THEN

BEGIN

ACTGTtO.JI*ACTGTt 1,1]) J4J4I
END)

KA4(IF N=l THEN TINALT

ELSE

LASTALT)) K4-D 00004000

IF KB=o THEN 00004050
BEGIN 00004060

END) 00004120
END; 00004130

IF N=l THEN WRITFCPATAOIJULBESUFORI X DO INTCII1) 00004140

ELSE

00004150

BEGIN

00004160

TF BESTALTMUO THEN I

NTC

[KA ] 4 TNTC CKR] 40 ) 00004220
END) 00004230

WRITE(DATAOIIT,BESTA,FORI X DO INTCrI])) 00004240
END 06004250

00004270
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COMMENT MULT

CALCULATES

THE

SUM OF

THE

PROOOCTS OF

N ELEMENTS IN

ARRAYS

00004200
A

ANO

R ANP

STORES

THE

RESULT

IN

WORD C.

I

IS

THE ITERATION

VAR;00004290PROCEDURE

Mllt.Tt A.B, C, I,N))

VALUE Ni °°°^l\°
ARRAY A,RIO)) 00004320
REAL C) 00004330

00004340

INTEGER

N,I)

BEGIN

00004350
C4O)

FORI

N 00

C4C+AT

I JxBt II! 000U4360
END MULT) 00004370

00004300

PROCEDURE

GENTARGETS)

RFGINCUMMENT

READ D A TA ,

GE

NER A T E ANO SORT TO

TLC

V ,

TGTT

AD AND TGTMNX) 00004400
LABEL L1,L2.L3) 00004410
DEFINE LOADSQRTGT=KF4S«RTGTrK,J,O]4SQRTGT[K,J,OUI) 00004420

SORTGT[K,J,KE]4T I! IHI UO) TA4Q) 00004430
Lit UT+1) READCDATATN [NDI, A ,

CODE

)[L2 ) ! 00004440
IF

CODE*

"T " THEN

GO TO

1.2) 00004450

READCOATAIN

,

TGT

!N,

COUE

,

FOP

J 5 00 TC,TTADfI , J J»

FORK

4 00004460

DO TGTLCVT

I,K) )) INTA t I ]4TGTL

CV

( I ,

O

) : 00004470
TB4TGTLCVTI,2]-Tr,TLCV[I,P]: 00004400
IF T<TR THEN UTR) 00004490
TOTVALUE4TOTVALOE+TGTLCVfI,4]) 00004500
ONPACK(TGTTADTI,I ], INTO) KA4ACTGTT 0 , 0 ) ) 00004510

FORJ

7 0(1

BEGIN

L2I

00004000ENO)
00004810

FORJ

5 00

BEGIN

00004820
00004630

K4TGTTAOT

I, JI)

AKCOIB2I

ARCO

1 8 2 2
ARCOIB3O

ARCOIB3OARCO

1 8 3 0
ARCOIB3O
ARCOIB3O
ARCOIB3O
ARCOIB4O

ARCO

1 6 4 0
ARCOIBSO
ARCOIBSO

ARCO

1 8 6 0
ARCOIB7O
ARCoieeo
ARCOIB9O
ARCOI9IO
ARCOI9IO

ARCOI92O

ARCOI93O
ARCOI93O
ARCOIS3O

ARCCI94O

ARCO

19 5 0

ARCOI9SO

ARCOI9SO
ARCOI9SO
ARCOI97O

ARCOI97O

ARCOI97O
ARCOI9BO

ARCOI9BO

ARCOI9BO

ARCUI99OARCO2OOO

AHCO2OOOARCO2OOO

ARCO2OIO

ARCO2OIOARCO2OIO

ARCO2OIO

ARCO2O2O

ARCO2O2O

ARCO2O2O
ARCO2O4O

ARCO2O4OARCO2OSO

ARCO2O6O

ARCO2O6OARCO2O6OARCO2O6O

ARCO2O7O

ARCO2O7O

ARCO2OBO

ARCO2OBO

ARCO2OBO

ARCO2OBO

ARCO2O9O

ARCO2O9O
ARCO2IOO

ARCO2IOO

I
I
I
I

I

I
I

END)

END)

I

I
I
I

00004300

00004390

FORJ

7

DO

00004520

BEGIN

00004530
KB4INTCTJ)) 00004540
IF KB*" " AND

KB*o

THEN IE K A+ I

=OCC

UR(

AC

TG T ( I , * ] , 00004550
KA4) ,K8,8,8, 1) THEN 00004560

BEGIN

00004570
ACTGT[ I«KA!4KP i KA4KA+I 00004580

END 00004590
f_ N p) 00004600

ACTGTICO

]4KA) N'YPUKA)

OR TO

LI! 00004610
KA4I-1I FORJI KA

DO

00004620

BEGIN

00004630
TA4-1) 00004640

FORII

KA DP IF TA< INTA[I] THEN 00004650

BEGIN

00004660
TA4INTOII]! K*l) 00004670

END) 00004600
TGTMNX(J]4INTA{K]) INTC[J)4K ) 00004690
INTA[K]4-D 00004700

END) 00004710
NTGUKA)

FORTI

NTGT ()U 00004720

BEGIN

, 00004730
MUNICH]) IP I=KA THEN GO

TO

L3! 00004740
FORJ 0 DO 00004750

BEGIN

00004760
TA4 TGTLCVtT,J]; 00004770
tgtlcvti,jutgtlcvtka,j)) 00004700
tgtlcvtka.juta; 00004790

TGTTAOn,J]4TGTTADrKA,J); 00004640
TGTTADTKA,J]4K) 00004850

END) 00004860
FOR J4I STEP 1 UNTIL NTST

DO

IF I=INTC(J] THEN 00004870

BEGIN

00004800
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I

I
I
I
I
I
I
I

INTCT

.l]K«l

GO

IP I J 00004890

ARC

021 10
ARCO2 1 1 0
ARCO2I2O

ARCO2I3O

ARCO2I3O

ARC

021

31/

ARCO2I 3d

AKCO2I4OARCO

2 1 5 0

ARCO2ISO
ARCO2I SO

ARCO2ISOAHCO2ISO

ARCO2I6O

ARCO2I6O

ARCO2I6OARCO2I6O

ARCO2I6O

AKCG

2 17 0

AKCO2I 7O

ARCO2I7O
ARCO2!

7O

ARCO

2 18 0
ARCO2I9O

ARCO22OOARCO22OO

ARCO22IOARC

02220

ARC

02220
AKC02220
ARC02230
ARC02230

AhC02230ARC

02240

ARC

02240
ARC02240
ARC02250

ARC

02250
ARC02250

ARC

02250

ARC

02250
ARC02250

ARC

02260

AHC02260ARC

02270

ARC

02270

ARC

02260

ARC

02290

ARCO23OOARCO23IOARC

02320
ARC02330
ARC02330

AHC02340ARC

02340

ARC

02350

ARC

02360

AHC02360

ARC02370

ARC

02370

ARC

02370

fMi; 00C04900

L3!

IMP;

00004910
FPRII

NIGT

DP 0u004920

BEGIN

00004930
X A 4 F N I IF R I- T G T I C

';

T 1 , n J) ) 00004940
KH4fNII[P(T(.TtCV[ I . ',' ) ) ; 0 0 0 0 4 9 5 0
KC4.ENriERrTGTLC.VCUI)))

Oo

004960
KD*FNTIFR(TGTI.CVH,3])) K4KA; J4KC) 00004970

LOADSORTGT:

IF

KA7KO

THF'i 0u004900

BEGIN

00004990
K4KHi|PAPSPPTGTi PoPOSOOO

lnu;

00005010

IFKC*KOTHEN

00005020

BEGIN

00005030

K4KA;

J4KP!

I.OADS'JR

T'(T) 00005040
IFKAiKRTHEN 00005050

BEGIN Pooo 5

obO

K4Kn)LPAPSORTGT; P0005070

tNo;

POOOSOOO
ENPJTo0 05 0 9 0

INT)

FORM

LOUP) 00005100

TGTMNXTOI

4TI

GO TO

REPORTS) Cuoosllo
END

PROCEDURE

GENTARGFTS) O..)0o5120

PROCEDURE

GFNSORDTA) 01,0051J0

BEGIN

0 0 0 0 514 0

GENERATE

SUR OTA! 00005150

COMMENTINTEGER

REAL
T,J,K,KA,KB) 00005160

PMX,DMY,MR, RX,

RY i

C

0005170

I LAHEL LI ! 00005160

FORI NOM

00

OoOoSIVOBEGIN

00P05200
MR4O)

P0G05210FORK

NTYPF-1 Pt, IF MR<DUSPEC[ 2xK) THEN IF DMLOC 0 [1 , 0«005220

K431*0

THFN

MP4DMS.PECr

2xK )) INTAII]4MH) 000052J0
END) 00005240

FORJ

NSOH 00 00005250

BEGIN

00005260

KB4MSUR+2!

00005270
FORI MSUR

DO

000052001
I

BEGIN

00005290

SUROTAf

J. I I4KA4KH) 00005300
FURK NPM DP 0u005310

GO TO

LI) SQRDTAI J.KHI4K! KR4KR4I! 00005300
Lli

END) 0U005410
SQROTA t J,MSOR*I 14KB: 00005420

ENO) 00005430
END

PROCEDURE

GENSOROATA; 000U5440

I

PROCEDOHE

GENATTACK) 00 005450

BEGIN

00005460

GENERATE ATTACK!

00005470

COMMENT FORJI

«1()

DO

00005400
BEGIN 00005490

BEGIN

00005320
DMX4DMLHCO[K»O] i

OMY4OMLOCO

(X, 1 ) ) 00005330
MR4TNT4(K]) RX4DMX-J) RY4DMY-I) 00005340
IF

MRS-RX OR

MR<RX-1 THEN

GP

To LI) 0u005350
IF

MRS-PY

OR

MR<RY"I THEN

GO

TO

L1) 00005360
IF (,70714MR)*2 S(RX-.5)*2 4(RY-.5)»2 THEN 00005370

ENO) 00005390
IF KR=KA THEN KB4KH4(! 00005400



REAOtPATAIN

fNO], A , C UPE ) F

PROCESS

] I ?°2i)c?i, 2
IF

CODE*"AM

" THEN

GO

TP

REPORTS!

00005510

END) 00005540

ENO PROCEDURE

GENATTACK) 00005550

PROCEDURE

GENEWATT) 00005560

BEGIN

00005570

COMMENTGENERATE NEWATTACK FOR

BOOK G«ME RUN
LABEL FIN) °°""^nn

BEGIN

00005620
REAP(DATATNrNP].A,COUF)rFIN]) 00005630
IF

CUUE*"AM

" THEN

GO

TO FIN; 00005640

END FORJ; 00005660
FIN! NAM4J-1 00005670

ENO

GENEWATT) 00005600
00005690

CUMMENT

GENTDMTGT BUILDS TABLE TOMTGT; 00005700

PRUCEOURE

GENTDMTGT) 00005710
B E r,IN 00005720

FURI

NTGT DO

[NTS[U*-1J Oi)0O573O
FURII

NTGT DO FOR

J*2>3»4,S 00 00005740

BEGIN

00005750
00005760
00005770IF

KA*O

THEN 00005770

BEGIN

00005780
KB4INTCTKA]4I+INTCrKA]) 00005790

TDMTGTtKA.KBUi;

00005800

OUOOSBIO

f ND 00005810
Lnd" 00005820

00005830END GENTDMTGT)
00005840

COMMENTOPENROW

CREATES

NECESSARY

FLAGS TP START AN PVERFLUH RUW FUR

ANOOOu5B5O

am in table

amdata,

it is used only by genampata) Ss10

,^?,?

proceoure openrow(h,ka,futl )) 00005870
00005880LABEL FOLD
00005690

INTEGER

KA,R)

BEGIN

00005900
LABEL LI) 00005910

INTEGER

I.J.RA) 00005920

FOR

J4R + 1

STEP

1 UNTIL MAMDATA 00 IF AMD A T A I J, o] =o 00005930
THEN 00005940

BEGIN

00005950
RA4J)

GO TO

L100005960
L.ND) 00005970

00005980

GO TO

FULL)

Lit AMDATA[R,7 URA) A MDA T A [ R A ,

O

] 4-R ) 00005990
AMDATACR,fI)4KA) 00006000

FOR

J4)

STEP

1 UNTIL 5

DO

AMD ATA

C

R A , J ] 4AMD A TA[ H , J ] ) 00006010
KA4fl) R4RA 00006020

ff Nf1 j 00006030
00006040

COMMENTFINDTRGT IS

THE INDEX

TO TGTTAD FOR

THE TARGET LOCATFD AT X,Y) 00006050

INTEGER PROCEDURE

F I NDTR

GT

( X , Y ) ) 00006000
VALUE X.V) 00006070
REAL X.V) 00006080

REGIN

00006090
00006100

INTEGER

UK)

ARCO

2 3 8 0

ARC

02360

ARC

0 2390

ARC

02390

ARC

0 2390

ARCO24OO

AHCO24IO

ARCO24IOARCO

2 4 2 0
ARC02420

ARC

02430
ARC02430

ARC

02430

ARC

02440

ARC

02440
ARC02450
ARC02450

ARC

02460
ARC02460

ARC

02461

ARC

02461
ARC02470

ARC

02470

ARCO24BO

ARC02490

ARC

02490
ARC02490
ARCO2SOO
ARCO2SOO
ARCO2SOO
ARCO2SOO

ARCO2SOOARCO2SOO

ARCO2SIO

AHCO2SI

I
ARCO2SII

ARC

02512
ARC02520

ARC

02530

ARC

02530
ARC02530
ARC02530

ARC

02530
ARC02540
ARC02540

ARC

02540
ARC02550

ARC

02550

ARC

02550

ARC

02560
ARC02560
ARC02570
ARC02570

ARC

02570
ARC02571
ARC02571
ARCO2SBO

ARC

02560

ARCO2SBOARCO2SBO

ARC

02590

I

I

I
I
I
I

I

I

I

REAO(OATAIN,/, 1.F0R! 6

DO

A TT A

C

K [ J , I ]) ) 00005520
NAM4j)ATTACKrj,7]4I) 000 0 5530

0U005580

NAM4O) 00005600
FORJI 999 00 00005610

READ(DATATM.7. I,

FORI

6

DO

ATTACKtJ.D) 00005650

KA4TGTTAD

TUJU
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REAL
LABEL

LH
L3l

L4I

F NP
f no;

FINl:
FIN!

CUMMENT

GENAMOATA DETERMINES FPP EACH

FERIPO

THE
AM AND

BUILDS

TAHLF AMPAIAI

INTEGER

IPFMT)

BOOLEAN

P)
REAL TM.X I , X2. YI . Y2,SE)

LABEL

FOl.t

)

RLAL
INTEGER
LABEL

BOOLEAN

L 1 I

Xh.DELi 00006110

00006270
0 0 006 2 8 0

1 0006310
WE-I fH MAY

ENC.

A G [ AN 00006320
0 j (10 6 3 3 0

PM

IF

NOT

P THEM 00006470

FUR ]4|

STEP

1 UNTIL

MAMOA

r A

Oil

IF AupA T A I 1,0 ) =0 THEN 0u006520

R4LASTPRC.W4

J!

GO

10 1.1 00006540
ENE!OU0 0 6 55 0

GO TO

F ULL ! " 000U6560

LP.

AMOAT

AfR, PI.EUT TE R( TG7) ) AMD A TA 1 P . 5 1 49 ) 00006590
AMDATA! R. 7 Uo; 000U6600

HEGIN

(- 0006630

AMOAT

A[P, 314K 1 00006640

FOR

[>■?

STEP

1 UNTII 5 ( p IF TP(

TST!TGITAD

I X , I] ) * 0 000U6650
THEN 0 0 0 0 6ft 6 0

t.NP) 00006700
AMOATA(R,4)«-TGTTAOrK,O]) 00006710

ARC

02590

ARC

0 2590

AMCO26OOARCO

2 6 1 0

ARCO

2 6 2 0

AKCO263CARCO

2 6 4 0
ARCU264O

ARC

02650
ARC02660

ARC

02660
AHC02670

ARCO26BO

ARC

02660

AHCO26BOAHC02690ARC

02690
ARL02690

ARC

02690

AKC02690ARC

02691
ARC02691
ARC02692

ARCO27IOARC

02720

ARC

02720

ARC

02720

ARC

02730

ARCO

2 7 3 0

AHC02730ARC

02740

ARC

02750
ARC02760
ARC02760
ARC02770

ARCO27BUARC

02790

ARC

02790

ARCO2BOO

AHCO26OOARC

0 2800

ARCO2BIOARCO26IOARCJ2B2O

ARCO2B2OARCO2B2OARCO2O3O

ARCO2B4O

AKCO2BSOARCO2BSOSRCO2B6O

ARCO2B7O
ARC02670

ARCO2B7OARCO2B6OARCO2B6O

AHCO2BHOARCO2B9O

ARCO2B9O

ARCO2P9OARCO2B9O

I

I

I
I
I

I
I
I
I

I

NUT

GUT

RUF !
F N P FIN T ;

PROCEDURE GENAMPATA(TM,XI,YI,X?,Y2»fP,IOENT
VALUE TM,X 1 , V 1 , X2, Y2, Fl', I

TO"

NT ,E;

F INI .F IN. LI, t 3,1 4! 00006120
IE

x< TGTMNX

f

NTGT

j THEN GO IP FIM' 000u6130
PFL4NTGTI K4]: Xp4X-TCTMNX[OI) 00006140
I F

X>TGTM

N X T 11 TH F M G U T n | 4 ;

POOO

6 1 3 0
DLl*.snrjEL) K4K +PEI ) htl

TO

I 3 : P0006160
IF PEL<I THEM

GO

TP L4) 0u006170
II X<TGTMNX[K] THEM GU 10 I! : UE L 4. SxDEL) Pon o 6 180
K4K-PEL )

GO

TP L i

OOOO6IVO

FUR UK

STEP

1 lIMTH MTGT 00 00C06200
pF(,INOO0 v6 2 1 0

If

Xh>TGTI

C»l T-0 ] 11-FN

GO

111 Fi M 1: 00P06220
IF X?

TGTLCU

Tl. 0 ! AM'

X<~G

TL

C

V

C

I > 2 ] mENr nEN If Y> 00006230

IGTI CVT

I, 1 T AN[, Y<TGILCVC 1,3] THFN P0P06240

BEGIN 0^006250

F I

NPTRGT

»T ! 01. l[. FIE 00006260

Poooft

7 9 0. 10006300

FULL,P)) 00006340
0i 006350

nf mt ; 00006360
; 0U006370

H,

X1, X2.Y1.Y2.5E; 0ut' 06360
IH[ ; 00006390

RFGIN

000)16400
S,INI,MINK,MA>X,MIMXY,MAXXY,YA,A»F,C,I)EI .107; 0 0 006410
I ,I',K

,XS,

YS,L �J,kA ,Kf- .F

C

. Xr , I.

7,LH,L

P,R' ! 00006420
F IN, I 1 .L2,1. 31 00006430
tg(IS)000 v 6 4 4 0
NUPEF

ENSE4NPTGT4TUOL

A.lt 4Fm|.

SI

) 00G06450
IF

NOT SOOK

THFM (.FF'SORPTA) 00006460

BEGIN

00006480
K4F INDTROT( X2, Y?) J 00 006 4 90
lENOTGTTHFNGPK-FTN! 00 0 06500

END) 00006510

HF(, IN 00006530

AMOAT

A r R. O) 4 1 )

A«Uf

l At

R,

1] 4

!OF

NT ) 0u006570
TG74SORT((YI-y2)x(yi-Y2)4(XI-x2)x(>i-x2))/SP+Tm: 00OU6 580

IF LP>MAXPEPTr.P THEN M> XPERTO()4t P) 000U6610
lENDIPTHFN 00006620

HEGIN

00006670
A M 0 A T M P , A 14 T 0 IT AD T X , 0 ) ; 01i006600

GO

TP L20(i0o6690
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II

I
I
I

ARC

li2890

ARCO29OO

ARC02920
ARC02920
ARC02930
ARC02930
ARC02930

ARC

02940

ARC

02940

ARC

02940
ARC02950
ARC02950

AHC02960ARC

02960

ARC

02970
ARC02970
ARC02970
ARC02960
ARCO29BO

ARC

02990
ARC02990

ARC

02990
ARC02990
ARCO3OOO
ARCO3OOO
ARCO3OOO
ARCO3OOO
ARCO3OOO
ARCU3OOO
ARCO3OIO

ARCO3OIO

ARCO3OIO

ARCO3O2O
ARCO3O2O
fHCO3O3O

ARCO3O4O

ARCO3O4O
ARCO3O6O
ARCO3O6O
ARCO3O6O
ARCO3O6O
ARCO3O7O

ARCO3O7O

ARCO3O7O

ARCO3O7OARCO3OBO

ARCO3O9O
ARCO3O9O
ARCO3O9O

ARCO3IOOARCO3I IO

AKCO3IIO
ARCO3I2O

ARCO3I2O

ARCO3I2O

ARCO3I 3O

AKCO3I4O

ARCO3I

4O
ARCO3I SO
ARCO3ISO

ARCO3I6O

END)

0u006?20

IF

NOT

P THEN WRITE(OATAnUT,<"AM", !«. °( 'U"JJL2I I
I
I

" ENTERED SYSTEM AT (".F8.3,"," F6.3. ")" TARGET

IS

"00006740

,Aft," DORIMG

=ERTPD",T4>,!PENT,XI.YI,TGTTAD[K,O],LP))OOOO67SO
IF NUT H AND HEURISTIC? THEN IF TGTI.CVtK,4] < M 1 NTGT V AL 00006760
THEN 00006770
BFGIN 00006700

NOTGUTRUF! 0
00006800WRITE(OATAOUT.< c „

"TARGET

VAIUF EFtPW MTM"'UM, Am IGNORED"*-). 00006810
AMDATAIR,P]4O-

GO TO

F IX "0006820

IF LP<PERIPD THEN 00006840

BEGIN

00006850
TOOLATE4TRUf i LA

S

T

PRO

.1 4R ) AMD ATA[o,o ] 4 0 I 00006860

GO TU FIN! 0U006870
LNP) 00006860

IF (X2-X1)=0 THEN MUS4TRHE

ELSE

00006890

BEGIN

00006900

NOS4FALSE!

5«-«Y?-Yl)/(X?-X15J
INT4YI-SXXI) TAUM
IF AHS(S)>IO THEN NOS4IPUE

I
L3I

MAXXY))

"

OoOuTOoO
WHILE IX(YS*YS*IJ<YAxI 00 00007090

BEGIN

OoOOTIOO
L4L411 SPRXILUXS) SQRYtL)4YS 000071 10

END) 00007120
XS4XS4I) IF

XSSMAXX

ThEN 0u007130

BEGIN

00007140

YS4YS-2XI! GO

TP L3) 2°l!mC!^LNOJ 00007160
LB4-1)

FORI MTGT OP INTCf

I J«-OJ). 00007170
L D

r

-

j j run) niui v v

i

«

i

v

i

* J *

-

"

-.. _ „ .

FOR UO STEP

1 UNTIL L DP 00007180

BEGIN

00007190
COMMENT DETERMINE PM-AM TkAJ 1 N TE R

SC

T )

OOOO72OO

NEXT. NONE,L4) 00007210LABEL 00007220KA4SUHXCT]) J4SORYII)! Kf* SORDT AfKA . .1 1
00007230

KC4SURDT

ATKA,J+ I ]-l)
0u007240

FOR

J4KB

STEP

1 UNTIL

XC DOBEGIN

00007250
KU4SQRPTA[KA,J)) 20

An
72 ,iJ

IE

KO=P

THEN

GO

TO NEXT) 00007270

FORK

NTYPE-1

DO

IF

NOT C

HEK R I T ( D"VO I D [ K ) ,

KO

) 00007260 1THEN GO

TO

L4!

GO TO

NEXT) 00007290
If

QCCHRUNTC.L64I.KD,

6, 7, 2} *LB*l (HEN

GO

10 00007300
Nt „T , 00007310
IE

NOS

THEN 00007320
L4!

EMDJ
F XXX? THFN

BEGIN

m l nx*x i s m«uw; M IN xV *v 1 j

MAXXY.-Y?

tNO ELStBEGIN

MINXfX?) MAXX*XIJ MINXY*Y?J
MAXXY<-Y1

END)
:S*ENTIEK(MINX)) YS*ENTIFR(MINXY3;

iURXCOHXSJ

seRYCOI«-Y-Sj L*6l
F

MINXYSHAXXY

THEN I*l

FLSF

Ii»-U
■FCXS+IJSMXX THFN YA<-

S*

(

XS+

13♦I NT FLSE YA«-ENIIER(

coooe-9'40
0.'0069b0

Oi

11U6900
om>U69/0
000U690U
oacu69yo

OuOU7OOO
00OO7G10
0(3C070,d0
ouooro jo

000070*0
oooorobo
00007000
000070/0
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I
I

HEGIN 0U007330 AKCO3I6O

ARCO3I6OARCO3I6O

ARCO3I7O

ARCO

3 1 7 0

ARCO

3 1 7

C

ARCO3IBO
ARCO3IBO

ARCO3ieO

ARCO3I9O
ARCO32OO

ARCO32OOARCO32IO

ARCO32IOARC

03220
ARC03230

ARC

03240
ARC03240

ARC

03250
ARC03260

ARCU326OARC

03270

ARC

03260
ARC03290
ARC03290
ARCO33OO

ARCO33OO

AKCO33OO

ARCO33IOARCOJ3IO

AHCO33IOARCO33IOARCO33IO

ARC03320
ARC03330
ARC03330

ARC

03330
ARC03340

ARC

03350

ARC

03350

ARC

03350

ARC

03360

ARCOJ37O

ARC

03370
ARCO33B'

ARCO33BOARC

03360

ARC

03390

ARC

03390
ARC03390
AHCO34OO

ARCO34OO

ARCO34OOARCO34OOARCO34OOAKCO34IO

ARCO34IOARCO34IOARC

03420

ARC

03420

ARCO343P

I

BEGIN

0u007380

MINX4OMI OCOI

KC,C ] ! 00007390
YA4r)MLOCPrKD, 1 ] i 00007400

END)

OoOO?410

A4(I4SxS)) h42x(Sx(i(,|-\A)-M]FX)! 00007420
C4INTxINT-?xINTxyA4MirXxPINX4YAxYA) 00007430
M]NX4?xA!YA4O! 00007440

FOR LA4O STEP

1 lIVTIL NTYPE-1 no 00007450

BEGIN

00007460
IE

CHEKP

I T(DMVOTU[t A J»KO) TutV

GO TO

NONE) 00007470
C4C4YA) Y A4DMSPFC! 2*I A I*2! 00007400
C4C-YA) MAXX4

Bxß-«xAxr:

0000749 0

I

INTCTLBWLA

8 KP t 30 i 36 : 1 2 ) ! P0007540

NONE

I
NEXT!

ENO!

00007570
IF LB<o THEN IF AMP A T A IR . 4 ] > o THEM 01-007500

BEGIN

00P07590
AMDATAfP,ft)4AMDATA[R,7)4C) 00007600

I
I

ENO

ELSE 00007630

BEGIN

00007640

WRITE (DATAOUT.

<"AM",

I4,"

NOT C

OVE RE

O

. T

ARGET IS

". 00007000
A6,

"DURING

PERIOD",

I4>, I TENT , AMD A TAI R , 4 ],AMDATA!R, 00007670

END; 0u007690
DEL4SQRT (SPxSP7( <:xS. 1) ) ! 00007700
IF

NUS

THEN 00007710

BEGIN

no0077 2 0
IF Y2<Yl THEN

OEL4-rEL

0u007730
END

ELSE

IF X2<xi THEN OEL4-11ED P0007740
YA4 UEL«(PER IOD-TM-] >4 ( IF

kOS

THEN Y1

ELSE

XI)) 00007750
KA4LA49) 00007700

FOR UPtRIOO STEP

1 ONTIL LP

DO

00007770

BEGIN

- 00007700

COMVFNT SET

UP

AMOATA

ENTRIES) 00007790
IF LA*KA THEN 0001)7600

BEGIN

0o0O7811)

I
END) 00007870

LA4KA4 1!

000u78O0

END)

OOOO7BVO

KA4LA) A4R4YA4YA4DEL) 00007900

I

S4(X2-XI )/(Y2-Y1 ) ) IFT4XI-sxy l ) 00007340
MINX4PI-[OCO[KD,IJ) 0 o0 0 7 3 5 0

YA4PMLOCOrKD,C

] 00007360
t ND El <E 00007370

IF maxx<o THEN GO

TO NONF

:

C00u7500MAXX4SOPI

( MAXX ) I

LP4L*4I;

00007510
intaclr]4(-b4mayx)/minx; 00007520
Intb[lbu(-b-maxx)/minx) u00075j0

END! 00007550
END) 00007560

AMDAT Af R,B ]4BI 0u007610

GO TO

FIN 00007620

NODEF

b

NSF4TROE!

L A

S

TPRUW4 R ) Pd007650

2))) AMOATATR.OUO;

GO TO

FIN! 00007600

IF KA»NAMDATA THEN UP

FNROWC

R , X A , F(jL L) ; 00007620
IFKAsNAMOATA-ITHFN 000u7830

BEGIN

0 0 0 0 7 8 4 0
AMDATA[»,KA4I]4P) 00007650

PPFMROWf

R.KA.FUI L )) 00007860

IF !=LP THEM

OEI ♦SIGNfDFL

)>SQRT( (

SP

x ( T

G7-LP

) )" 27(

Sx OoOO

7 9 1 0
S4l))> 000u7920
IF

DEL<O

THEN A4A4DEL ELSE B»B+OFL) 000079J0
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FOR L4O STEP

I UNTIL LB

DO

2i'Sli»«B

U «

L

U

1 L

r

1

U

M I

*

L

U 'J

i"-' -

■

-

■

_ -

BEGIN

00007950
IF A< INTA I L 1 AND B>IK'T 6 I L ] THFN 0u007960

BEGIN

00007970

AMDATAIR.ft

T4 I ) A MD A TA ( R. I A 1 4- I I 00007980
KA4KA4I! 00007990
AMfiATArR.KA UiNTCtt 1 J 1(18:36112]) OUOOBOOO

ENO PROCEDURE

GENAWPATA) 00008000
00008090

COMMENT

GENDMSPEC READS DM RANGE AMI) EFFECTIVENESS AMP PUILDS OMSPEC) 00008100

PROCEDURE GENDMSPEC) 00008110

BEGIN

00008120

FORK

(MO

DO

00006130

BEGIN

'10006140
REAIHDATAIN INO), A ,

COPE

) [

PROC

ESS 1 ! PoooBlso
IF

CUUE*"SE

" THFN

GO

IP

REPORTS!

00006160
REAP(OAT AIN. 7. I > I . 1 A, TB)) O-jOOBI 70
DMSPEC(2x] HTA 1 DMSPF.Ct 2x14l )4] p; 00008100

tNQj 00006190
END DMSPEC) 00008200

00008210

COMMENTGENTOLIST READS TOM INFO

ANO F3 UIL D<; TfMLIST) 00000220

PROCEDURE

GfNTULISTI 000t'8230
0u006240

BEGIN

FORJ PlO

00 0u008230
BEGIN Oo00')260

REAOtOATATN

r "0 ) , A » COOL ) [ PROCESS ] I 00006270
IF

CUOE*"TPM"

THEN.

GO TO REPORTS!

ououB2oo
REAT)(DATA|N,7.K,K,IDLTSTrK]) 01)006290

END) 00006300
END PROCEDURE GFNTPITST) 0u006310

0u008320

CUMMENT GENUMLOCORFAOS

DM

S

I TF INFP AND huILPS OMLOCOI 000063J0
PROCEDURE

GENPMLOCU!

00006340

REGIN

00006350

FORK MO OP

000'J8360

HEGIN

00006370

REAIKOATAIN IMOI

, A , COPE ) ! PFPC ESS ] ) 0u0u6380
IF

CUOE*"PM

" THEM

CO

Tf REPORTS) 00000390
RE AIUOATAIN,/.I , l»fPR J40, 1,3.4 PP

PMLUC

O( I ,J ) ) ) 00006400
DMLOCIiri,?I4DMIOCOU,3j.DMIOCOrI.a)> 00006410
IF NDM<I THFN NPM4I) 00006420

FORK

NTYPf-1 PU IF

OMLUCPt

I,K + 3)*P THEN CLEARBIK 00006430
OMVOUiTK],] )) 00008440

tND) 00006450
FND

PROCEDURE

C.ENDMIPCO) 0o0u846()

PROCEDURE

PLAUSIBLE) 00006470

BEGIN

000u6400

COMMENT

GENERATE fACOTA AMP PACOMS) 00006490

INTEGER

CT,CO,XI ,X2, YI , V?) 00008500
BUULEAN C; 00008510
LABEL L3.L4.1 5.F IN.F INTSH,L6) 0u006520

INTEGER

ARRAY

TMlTOi'li

0u006530

PACIN4TKUE!

0u008540

ARC

0 3440

ARC

03440
ARC03450
ARC03450

ARC

03460
ARC03460
ARC03460

ARC

03460
ARC03470

ARCU34 7O

ARC03470
ARCO34BO
AHCO34BO

ARCO3SOO

ARCO3SOO

ARCO3SOI
AKCO3SOI
ARC03520

ARC

03520

ARC

03520

ARC

03520
ARC03530

ARC

03540

ARC

03540

ARC

03550
ARC03550
ARC03550

ARC

03551
ARC03551

ARC

03560
ARC03560
ARC03570

ARC

03570

ARC

03570

ARCO3SBO

ARCO3SBO

ARC

03560

ARC

03590

ARC

03591
ARC03591

ARCO36OU

ARCO36OO
AHCO36OO

ARCO36OO

AHCO36IO

AHCO36IO

ARC03620

ARC

03630
ARC03630
ARC03640

ARC

03640

ARC

03640
AHC03650

ARC

03660

ARC

03660

ARCU366OARC

03670

ARCU367OARCO36BOARCO36OO

AKCU369O

I
I

I
I
I
I
I
1
I
I
1
I

1
I
1
I

tNp; 00006010
IF

KArNAMOMA

THEN OPE NROW (R,K A , F DLL ) 00008020
LNn 00006030

LK, D I

OuOUBO4O

IF LA =KA THEN KA4KA-D AMUA TA[R, X A 4 1) 4-LP ) 00008050
AMDATAIR.B 14KA) 00008000

FIN! If

MAXAMOT<R

THEN MAXAMDT4R) 00006070
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I

r'n.Wr'V,

�

0,. 008790

ARCO3BOOFORJ

(T

PC

IF K«=TTJ] Ihfn ,t r then

GO

,Q

OuOoOHOO ARCO36

10LA

FISE GO

TL L3i

CT4CT4II

OuOOsttlO ARCO3B2OT "TUKa; 00Coflb20

ARCO3B2O

IF N(IT r <"fh 10008830

ARC

03620REr'' N OUOJBB4O

AKC03620

CU4..1U,, ".'((-!).KA 00006350

ARCO3B2O

.„5r 00006860

ARCo'62O1,1

T " L " ' 00005870 AHC03630FOR.I

CII

UP IF KS=|i!J] THFN

CO TO

14)

OuOOOBOO ARC

03640C1..CU41)

11K11..A,

00006890 ARCO3H4OIF CUeNTYPT-1 THE!.-

CC

TP f,M 01)006900 AR003850
J 00008910

ARCO3BSO

IF
N
TtOj=p THFN 000U8920

ARCO3BSO

' " T

'

000069 10

ARCO3B6O

NPAC4NPAC---

i'"'° l" '"° ARCO3B6ONPAC4NPAC � 0U003950 ARCO3B6OWRITF(PATATIin,<"NCi TARGETS

FOP PAC

X =-" ,14 , " Y=" ,

OuOoovoO

. 03870
Gotp T?.n>sh""" V = "''" >' < l' v l,X2,Y2)i 00008970 ". . 03881

Punncr

POOOB9OO ARCO3B6i

00006990 ARCO3B6O
PACKWPPP ( P»COTAN3,T)) N34.U,: SSgSSSJS ISc^SSSPACKWnpp f FA(PTAN3,U), P0009020 ARCO3B9O

„ ' 0y0u9030 A X

C

0 3 6 9 0CTRUEj T4PERTOP) PERIUP.O; N3.-N3+l) 00009040 ," „,

■

L "fo?::r'!?'!\

t

- 5 ' vi+ - 5 ' x?+ - s '^< -''

a^

NP*t'f''LL,c)Po,il9oso !J"wo

LJ!

L4I

L5!
FIN!

uh i p i o on

REGIN

RE AT!

CO

ATAIM Fwn},A,CiInE)tPRPCFSS]i
if cliue^'paf" thin r,n in repdhtsi
Rt A l5

Cof.l

A 1 1 ,/.I,>i, y i , > 7 , v ) ;
rrißj i or

h t r, i n
TIJ3.-0; ll[Jl«(

l nD ;

NPAC*NPAr*

] ; N3**xKPAC '"<

*C

! ).-'; <»*,..
PICKCHARS(X?»Kj7,f,#?3!
PKKCHARS(YI,ir,7,3.S'3I PACDTAN3*kiPICKCHAPf f X 1 , o i r f 1;.*2,1, 11 , ? ) ; M3.M 3. , I
KC*S(JRTGTrx?.Y?,C)i
F (IK KII*I <;TFF 1 DM II Kf DD

BEGIN!*SORTGTfX?>,Y2,Kr;3I

kr*Tfl T a n. - 1 ,: 1 i
KA*O) C*CCIV'EPEr)( 1 3 1
FUR X* fl

STEP

- ! UiVT 1 1 1 or,
B t

G

I N
P I rKchA R s r k fi , ka. k , 1: . 1 ) ;
IF

KA*O

THFN Gf) 10 is;
ir KA =" " THf M

GO

yrj 1 « ;
IF

CT

= NTYP7-1 iHtD. !F ( TF.FF' (In r l' L« LL.sE

00000550
OoOOBbBO
0u008570
80008580
ouoobb9o
00008600

OuOOßfc

10
0000B 6 7 0
OuOuS63o
0u0086<40
ooooeciso
0000H660
00008670
00008680
00008690

OoOuß7oo

OuOOB7IO
00008720
ouooci 7 J0
nooosMO

0 0087 30
P0008760
0 10v8 7 T 0
0

1OO&70O

ARC

0 3700

ARC

0 3700
AKCO37OO

ARCO

3 7 1 0
AHCO37IO
ARC03720

ARCO37POARCO37

2 0
ARC03720

ARC

03740

ARC

0 3740

AKCO37'IO

ARC03750

ARC

03760
ARC03760
ARC03760

AHCO

3 7 7 0

ARC

03770

ARCO37BO

ARCO37BO
ARCO37BO
ARC03790

ARC

03790

A!<CO3POO

61
I PFRIOFi*!) AmDATA( I,O3*O)

K*ls

KA«■A M 0 A 1 ArK. fi 1 ;
IF

KA£9

tin

MGr>FF

[ M!> f THFN
BEGIN

NKAONPAC-t i

Gil

111 FTNISHc no;
FIIW

J*!o

<Tf P 1 Lll« lIL rA IH)
HEGIN

NiJACOMS.NPACrIMS*I ;- AL r. «srr P « rnMS)*Ann a t ar K

»

J I !

r+,i^»yj-NK'«V. >F
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;;oooovoso
00009 000
00009070
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OOOO9OVO
fljoo 9 1 0 0
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00009120
oi .oo v i jo
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0 0 911 0
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AKCO39AO
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ARCO39SC
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I

END) 00009160
PACDT AN34MPACPMS) Kh4

AHDATACX,

7) : 00009170
IF KB*o THEN 00009160

BEGIN

00009190
AMDATAT K,01»0) »iK»)

GO TO

L6: 00009200
END) 00009210

FINISH!

END! 00009220
END

PLAUSIHLF

! 00009230
0 0 009240

CUMMENTSETHFUR SETS HEURISTIC VARIABLES

TPUF

AS

SPECIFIED BY INPUTb) 00009250

PROCEDURE

SETHEUR) 00009260

BEGIN

00009270
LABEL L1.L2.L3»L4,L5,L6.l 7.L8.L9.L 10.FIN! 00009280

SWITCH SW4l

l,| 2.L3.1 4.L5.1 6.L

7,L8,L9,L1

0; 00009290
R E A D ( D A T A 1 N , 7 . K . K ) ; G 0

TO

s N TK ] ! 00 00 930 0
Lll HEURISTIC!* IF K»1 THEN TRUE ELSE FALSE) 00009310

GO TO

FIN) 00009320
L2I HEURISTIC?.- IF K»2 THEN TRUE

ELSE

FALSE) 00009330

GO TO

FIN) 00009340
L3!

HEURISTIC

34 IF K=3 THEN TRUE ELSE FALSE! 00009350

GO TO

FIN) 0.1009360

GO TO

FIN! 00009380

LSI

HEURISTICS* TF K=s THEN TRUE

ELSE

FALSE! 00009390

GU TO

FIN) 00009400

GU TO

FIN! 00009420
L7!

HEURISTIC

74 IF K»7 THEM TRIIE ELSE FALSE) 00009430

GO TO

FIN) 00009440
LB!

HEURISTICS*

IF K-8 THEN TRUE

ELSE

FALSF) 00009450
GUTOFIN) 0 0 009460

L9i

HEURISTIC 9*

IF K=9 THEN TRUE

ELSE FALSE!

0u009470

GOTO

FIN) 000094 60

GU TU FIN) 00009500
FINI WRI TE(DAT

AOUT.

HFURCK])) 00009510
END SETHEUR; 00009520

00009530

COMMENTSELECTDM SFLECTS

A TDM

FOR USE

AGAINST THE AM STORED IN

ROW

ALTXOUOO9S4O

OF

TABLE

ALTERS.

IT MAY

CHANGE

TDM

PREVIOUSLY

SELECTED) 00009550

PROCEDURE

SELECTTPM; 00009560

BEGIN

00009570

INTEGER

I, J,K,KA.KB,KC,Kn,KE,KF .L'KG,KH,KI , A,KJ) 00009500
LABEL FIN,LI.L?.L3) 00009590

ITOMONE*ITDM7ERO*ITDMONEA4ITDM7ERPA4n) 0u009600
TOMONE4TDM7ERO4FFAS4FALSE) 00009610
KA*ALTERS[ ALTX.4I) KB* ALTER

S

( AL TX , K A 1 ) 00009620
KO4AMOATAtALTFRSrAI.TX,O].3]I 000096J0
IF KB=o THEN

GO TO

L?) 00009640

CUMMENTBRANCH

TO

SELECT

NEW TDM FOR ALTX) P0009650
KC*TDLIST(KR]4TDLIST[KB]4I) 00009660

ALTERS!

ALTX,KAI4O) IF

KC>3

THEN

GO TO

FIN) 00009670
A4O) 00009680

Lll

FORI

14

DO

00009690

FOR

J42,3,4.5

DO

0U009730

BEGIN

00009740
KE4KE4TOLIST!TGTTAPCKC.J)]; 00009750
If KE>3 THFN

GO TO

L3) 00009760

ARCO

3 960

ARC

03970

ARC

03970

ARC

03970
ARC03970
ARC03970

ARCO39BOARCO39BC

ARCO39BI

AHCO39BI

ARC

03990
ARC03990

ARCO4OOOARCO4OIO

ARCO4O2O

ARCO4O3O
ARCO 4 0 3 0

AHCO4O4OARCO4P4O

ARCO4OSOARCO4OSOARCO4O6OAHCO4O6O

AHCO4O7O

ARCO4O7O

ARCO4OBOARCO4OBO

ARCO4O9OARCO4O9OARCO4IOOARCO4IOOARCO4I

IO

ARCO4I

I

OAHCO

4 1 2 0

ARCO4I2OARCO4I3O

ARCO4I3OARCO4I

3I

ARCO4I3IARC
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ARCO

4 1 4 0

ARCO4I4O

ARCO4ISO
ARCO4I6O
ARCO4I7O

ARCO4I7O

ARCO4IBO

ARCO4IBO

ARCO4I9O
ARCO4I9O

ARCO42OOARCO42IOARCO42IO
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04230

ARC

04230

ARC

04230

ARC

04230

AHC04240

ARC04240
ARCU424O
ARC04250

I

L4I

HEURISTIC

4* TF K=4 THEN TRUE ELSE FALSE) 00009370

L6I

HEURISTIC 6*

IF K=6 THEN TRUr

ELSE

FALSE) 00009410

LIOI HEIJRI

STICIO*IF

K=lo THEN TRUE

ELSE

FALSF) 00009490

BEGIN

00009700
KC*TDMTGTrKB, T I ! IF

KC=O

THEN

GO TO

FIN! 00009710
KE*A! 00009720
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I
End: 0o 0 o97 70

AhC04250

ARC

0

42*0ARCO4

2 60

ARC

0 4260

ARCO

42 6 0

ARCO

42 7 0

ARCO427JARC

04260

ARCO42EOARC

04260

ARCO42BOARCO42

9 0

AKCO42

9 0

ARC

04290

ARCO43OOARCO

43 0 0

ARC

04 3 10

ARC

04320
AHf 04320

ARC

04330
AKCO434 0

AHCO

4 j4 0

4KC04340AKC04340ARC

04340

ARCU43SOARC

04350
4RC04350

ARC

04360

ARCO4

3ft 0

ARC

04360
ARC04370

ARC

04360

ARCO43BOARC

04360

ARC

04360

ARC

04360

ARC

04390

ARCO4

390

ARC

04390

ARCO44

0 0

ARCO44OOARCO44IOARCO44IO

ARCO44

10

ARCO44IOARCO44I O

ARC04420

ARCO

4 4 2 0

ARC

04420

ARC

04420
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04430

AHCO

4 4 3 0

ARCO

4 4 3 0

ARCO44
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04430

ARCU443

0

ARC

04440
ARCU444O

ARC

04440
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04440

RF, G ] N 00009790

TUM7F.RP4T0unMt*TRUF) c

OOO9BlO

IIUMONF*!TPMONE-1 Pjo 09820

lIDMPNF 4ITDMONE* 1 ! T.IMONE*TROE) 0.j009860
END) 00009870

IE

Kf<3

THEN IF

AC

IlVt ( TYPATK, T'ITTAPT U. 1] ) THEN

POOD9BOO

I
I

L3! ENO

FOR

1 I POP ; 0000994 0
GO TO FIN! P0009950
Kt*-1) A*l ! 00009960L2!
FUR J 42 . ), 4 .5 DO 000099 7 0

BEGIN

0 0 0 09 9 0 0

UTGTTAOf

KO, J! ) KF*p)i

ISTI

I 1 : P0009990
IF «I >KF THEN .I,'oloooo

HEGIN

00010010
KL*«r;<4T: 0 o0 10 020

enp; n w 0 10 0 30
END)

OOC

10040
IF

KE>O

THEN 00010050

BEGIN

P o0 1 0 0 6 0
TDL

IST

IK )*T'ILTST ! < 1-1 : OoPIOO7O

ALTERS!

AI.TX.KA ]4K !

FEAS*TRIIE!

T')MAr!r

4K;

00010000
IF KE>? THEN GU

TO

FIN

ELSE

00010090

BEGIN

00010100
<H4K !

GO

!P II!. 000l01 10
ENP 01)010120

END! Ouolol3o

FURKLASTALTOOTFK/ALTXTHEN

nv0 1 0 1 40

BEGIN

00010130
KJ*ALTERSrK,ALTFRS[K,/, ] ] ! 00010160
I F KJ< s 4 AN0 KJ * 0 1HE v 0 0010170

REGIN

00010100
FUH J4?, 3,0,5

DO

Poolol9o

BLGIN

00010200

UTGT

TAP(KD, J])

0o010?10BFGIMOo

0 1 0 2 3 0
KG.p: Xt 4AMDATM

ALTERSFK

,() 1 , )J ! 00010240

FOR

1.*,3,4 ,5

BO

0 u 010250

BEGIN

00010260
Kr*TGriAOrKE.L]! 00010270
K>J4T:)LISTr KFI I 00010200
(r KH>KG THEN 00010290

TEGIN OoOIOjOO
KG*KH)KT*KF) 00 010310

FNP) 00010320
E ND : 0 o 0 1033 0

TE KG>n THEN 00010340

BEGIN

00010350
AI TF RStK,

ALTERStK.4

] I*KI ! 00010360
..I

TFRSI

AI T* ,KA)> I i 00010370

IE X t = 1 THFN 00009700

ITDM?fRP4 I

TIIM/I'

RP+ i ; Pooo9Boo

ENO) Pooo9BJo
1 F Xl =2 Tw F N 00009 6 40

H

t

r, 1 N 00009850

IFKE»ITHEN PU009890
Bt G I N

01,009900

1 I 1 1m7 f p p A 4 T 1 P M 7L R 0 A 4 i ; 0 00 0 9 V 10
I T IIMPNF A. I

TIIMONL

A-1 0 1)009920

END El

Sf ITO'IONEA*

ITOMONEA*!) 0u00 99 30

IF K J= t THEN n0010220
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TnLISTfKIUTniISTCKn-D HHiilniSn00010390FFAS*TRUE! TDMAFF*KI! 00010390
;r K«>2 THEN

GO TO

FIN CLSL 00010400
BEGIN 0o010«10

KB4KI) !i(J

TO

LI 00010420
fnp 00010430

END J 00010440

ENO

IF ALTERS BLOCK) 00010450
END FOR J LOOP) 00010460

END)' Q " 010"^
ENO FORK IPPPi 00010480

FNP SELECTTPM! 00010490

COMMENT

EVALUATE

CALCULATES

THE FEATURE

VALUES

GIVEN THAT THE" UM STORED 0o0!0510
IN

ROW

ALTX. Element omput

of

TABLE ALTERS is BEING USED INSTEAU 00010520

OF

ELEMENT DMIN.

DMIN=O OR OMOUUO

INDICATES THAT A DM

IS ONLY

00010530

BEING USFD OR

UNLY

BEING S

A VE D . RE SPEC T IVEL Y i 00010540
PRUCEDURE EVALUATE(PMIN,OMOUH !

VALUE DMIN.DMOUT)

INTEGER

DMIN.PMUUT)

BEGINCUMMENT

EVALUATE FEATURE

VALUES,

DMIN

IS ALTERS

INDEX OF DM BE

INOPOO

1 05 90

RETURNED,

DMUIIT IS SAME

FOR

ASSIGNED!
LABEL

L1.L2.L3.FTN.14,15.L6,1.7.L3:BOULEAN

VUID)

nOOl

0 6 1 0
00010620

REAL X,Y,7.v;

INTEGER

I,J,K,KA,KB,KC.KP.KE.KF,A,B,C

VUIO4TROF)
00010710

GO

10 LT
0 0 010 7 2 0ENP
00010730

ENO ELSE

00010740

BEGIN

IF

BPAC

THEN BHF M K

O

M

WORD

( WP

AC

, A , R ,

C

, D ) FLSE 00010750
00010760BREAKDMWPRIKAI T E R

S

( AL TX ,

DMOU

T ) , A . R ,

C

, 0 ) i 00010760
IF

BPAC OR

fl*" THEN IF

C

HEKH I T (

OMVO

I D ! U ] ,

C

) THEN 00010770
BEGIN 00010700

FEAS4FALSEI

GU TO

FIN 00010790

tNO

, 00010800.... 00010810l . .. .

nu

.,

n

00010820FEAS4TRUE) VOIII4FALSE; 74i;
V4IF

BPAC

THFN PACVALUE

FLSE TGTt.C

V T AMP ATA T AL

TERS

[ 00010830
ALTX, 01, 31. 4 1) IF

BPAC

ThE'J

GO TO

LI! OUOIOB4O
jf D

MIN=O

THEN If o=o THFN GO

TO

L2ELSE

GO TO

L1) 00010850

BREAKDMWUROI

ALTER.

ST

ALTX,

DM!NT,KA,

KB.KCKO)) 0u010660

TEEATfI7]4TFE»Tn7]-i: 00010930
LND! 00010940

If CHEKHIT(TWOCOR,KC ) THEN TE E A T ! I 2 I * TF F AT ! I 2 )"1 LLSE 0U010950
IF CHEKBIT(THREECOR.KC) T«i» T TE AT r I 3 ) *T FE A T ( I 3 ) " I ) 00010960
X4KE/KE) Y*(KE-n/KFI 00010970

L7i

IF Y<.25 THEM 00010900

ARC

04450

ARC

04450
ARC 04460
ARC04460
ARCO4 4 60

ARCO

4 4 6 0
ARC04460
ARC04470

4RC044

8 0
ARCO44BO

ARC

04460

ARC

04490

ARCO

4 49 1

ARCO

4 49 1

ARCO

4 4 9 2

ARC

04493

ARCO

4 4 9 4

ARCO 4 5 1 0
ARC04520
ARC04520
ARC04520
ARC04530
ARC04540

ARC

04550
ARC04550
ARC04550

ARCO4SeO

ARC04570
AHC04560

ARC

04560

AHCO4SBO

ARCO4SBO

ARC

04560
ARCO4SBO
AHCO4SBO
ARC04590

ARC

04590
ARCO46OO
ARCO46IO

AKC04620

ARC04620

ARCO

4 6 3 0

ARC

04630
ARC04630

ARC

04640

ARCO4ft5OAHC04660ARCO

4 6 7 0
ARC04660

ARC

04690

ARC

04690

ARC

04690

ARCO47OO

ARCO

4 7 0 0

AHCO47OO

ARCO47IO

ARCO47

I

O

ARC04730

ARCO

47 3 0

ARC

04740

ARC

04750

I

I

I

0.1010500

00010550
00010560
00010570
00010560

00010600

x,y,7.v; 00 ° 1°"°i,j,k,ka,kb,kc.kp.ke.kf,a,r,c,d,n3; oo010640

SUBEVAI

CNT*SUHEV«LCNT*I) 0*0)
n

U°,,«^n
IF

DMOIIT=O

THEN 00010600

BEGIN

00010670
IF

OMIN=O

THEN 00010680

BEGIN

00010690
�i. 00010700

IF KB = 0 THEN

GO TO

LD KE*OMLOCO[KC,KO*3); OUOIOB7O
KF 4DMLUCU[KC,2]i KE*KE*U 00010800
DM|OCO[KC.KD43)4KE! 00010890

IE KE=l THEN 00010900

HEGIN

00010910
CLEARBTT(PMVPTDr KDI,KC )) VOIQUROE) 00010920
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O.)010990

,' \> 25 TPEN 0^0"° U"

BFCIN

OoOUOIO
T tmiAI.TFFAIUiWI T^lll
""»,» I SSSIIS"Jj-jStSt TE VS., THEN

-01,050

' * ' 00011060
T'FtAT!,S,*TFEATI,S,-Z) I }?^
TFFAT(I4)*TFFAT!I4I*7

OoOUIOO

END

OoOIIUO

END

EtSF

TF Y<.75 THEN Tf X>.75 THEN T F E A T t 14 1 . TF E A T I 000 1 1 1 2 0
141-7) IE |)MPUT = n THEN

GO

TO 1.3) 00011130
If B»0 AMP NPT

RPAC

IHEN

GO

T() L

?;

(1001'.J40
KE4OMLDCUrc.P»)Ii KF*I)MLPCO(C,2]) KF*KE-D

OoOUISO

OMLOCO!C.D4)]*KC. 00011160
IF KF-0 THFN 00011170

BEGIN

00011160

ARCL-4750

AKCC47SO
ARC04750
ARCC47SO

ARC

04 7 6 'l

ARC

0 4760
ARC04760
ARC04760
4RC04760

ARC

04760
ARCO47'O

ARCO

4 7 7 0
ARC04770

ARC

04760

ARC

04790
ARCO4BOO

ARCO4PIOARCO

4 8 1 0
ARC 0 4820
ARC04620
AKCO4B2 0
ARCO4 6 30

ARC

04630
A.RC04850
ARCO4BSO

ARCO4B6O

ARC04670
ARCO4B7O
ARCO4B7O

ARCO4B7O

ARCO4B7O

ARCO46BOARCO4BBOARCO4BBOAHCO4BBO

AHCO46BO
ARCO4BBO
ARCU4B9O

ARCO4B9O

ARC04690
ARCO49OO
ARCO49OO

AhCO49lO

ARCO49IO
ARC04920
ARC04930

ARC

04930
ARC04940

ARC

04940
AHC04940
AHC04940
ARC04950
ARC04960

AIICO

49 7 0

LH

SETRI

T(I)MVOIi)rP 1.01 VUIO*TRUE) 00011190
0001.200

IF CHEKBIT(TWOCns.C) THEN TFEAT E I2UTFEAT [12 1+ 1

ELSE

00011220

IF CHEKHITfTHREEfOR.C) THEN T El. AT I 13]*TE F A T I 13] 4 1 ) P0011230
X4KE7KF) Y*(KE4I!7KF; n^PM^O
IF

XS.2S

THFN 000 250

BEGIN 00C

11260

IF Y>.25 THEN 000H270

BEGIN

00011200
TEEATri6]*TFEAI (161*7; 00 0112 9 0

TFEATTISI *TPEAT(!S)-7 2°!!!,?? (!

ENO

00011310

END

ELSE

IF XS.S THEN »°Sl!?1n
HFCIN 0U011330

IF Y>.s THEN 00011340

HEGIN

0.)011350

TFEATriS]*TFFAT!

ISI47!

Pu011360

tM
Trt»TII«I.TFE»TC»«I-Z SSoiIWO

END

ELSF

IF X<.75 THEN TF Y>.'s THEN TF E A T ( I 4 ] 4 TF E A T I

OoO

I I 39O,;," 2 , 00011400
IF DMIN = 0

OR

KR*n THEN IF VOID THEN

GO

TO 1.3 ELSE

GO

0..011410

TO

FIN! 00011420
SFLFCHON

HAS

BEEN MADE! Ot)0 114 30
IE

NOT TOMONE

THEN

GO

TU L]! KE4ITDM7ERP) 00011440

L6!

I

L2I

CRMMENI

TOM

Xt

4ITDM7LROAI

KF*ITPMUNEA) OuOU^ 10
IF

B*o

UR

OMPUT=n

THEN 00011520
BEGIN nnoils^KE4-KE) KF4-KF 00011540
FND) 00011550

IEEATI6)*TFEAT!6)4KE) TFF A T T 6 J* T E E A T T 6 I4KF ! 00011560
TF F

IRST PASS

THEN

GO TO

FIT): 000 11570
IF

VOIP OR

TPM2f.RO THEN X.X

EISE

GO

TO

FIN )

0oO!1560

ARC04970
ARC04970
ARC04970
AHCO49BO
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04990
ARCOSOOO

ARCOSPIO

L3I
1

r

v

o

i �

>' n r �,

-i i.

"

i' , - ■"- - .... -i -

FORII

4

DO

TFEATfTUO) 00011570

KF*ITU«UNE<
IF

U*o OH

DMOUTsfI THtN

BFGIN

Kt*-RF.) KF»--KF
tNO)

TFFAT[bJ<-TFFATfS3*i<Ei TFFATr7]*TFFATr7I*KFI

0001 1130
0 0 0 11160

OuOl

llf o
0001 1100
ouol 1 1 V 0
0001 lbOO
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sin f pi.ro )<-spi nasi nii.'oi 000l1600

FORI,

NHAC PP POOII6IO
HFGINOu0 ! 1 62 0

ARCOSO

10

ARCO

50 2 0
A Ii

Co
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A R

C
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ARCOS

P 4 I.

Ah-C0
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AHCO

5 0 40
AR I 050 5 0

ARCO

5 0 5 0
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ARCOSO6OARCO

5 0 7 0

ARCO

5 0 7 0
ARCOSO7O

,'■

R

C

0 5 0 8 0

ARC

0 5090

ARCO

5 0 9 0

ARC

0 5 0 9 0
ARC 05 1 10

,'.

R

C

0 5 1 20

ARCO

5 " 2 0
AR

C
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AHCO

5 1 3 0

ARCO
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ARCO

5 1 3 0

AKCO
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ARC
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ARCO
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ARCO

5 1 6 0

ARCO
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ARCO

5 1 6 0

AHCOSI6O

A rt

C

0 5 ! 7 0

ARCOSIBO
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ARCO

5 1 8 0

ARCO

5 1 9 0
A l<

C

I)5 19 0

ARCO

5 1 9 0

ARCOS2OO

AR 0 052 0 0

ARCO

5 2 1 0

AHCO

5 2 3 0

ARCO
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ARCO 5 2 40

AkCo
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ARC05250

A8C0525UARCOS

2 50
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ARC

05 270
A 1.

C

052 7 0

ARC

05 2 80
AHC05290

ARCO
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A rt C, 0 5 2 9 0

AHCO
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A H

C

v5 3 1 0

ARC

05320

AkCo

5 3 2 0

I
0001 105 0

fOR

J<

«C STEP

1 UN lit KB DO„t � ,

�

0

,1

0 ! 1 6 o 0
fl p t 1,kP M wOPPCFACDMSrJ] ' A ,-R ,C, P ) ) 0001 1 6 7 0
If not

CHE

K'iTT((iMVPIOTO),!c) THEN Tf KD=O THEN 00011680

H t r, 1 N 0 00 1 1 7 3 0

M3*N3-2)

POOl

1740
If KnlFiT-,'W,!K,PSCrrM,i) THEM '-El U' T ( SPLPmA, 000 1,750
KB)

F.LSF

SFTPI T CSOLEOM»KL|)) N3*VU?) 00011760
GU in 1.4) 00011770

1 up ; 0001 1 7 80
>00! 1 7-7(1if ta 1 1 1 Inff at r 1 ] '- 1 ;

N3*N3"3;

n00H790
IF ACT IVE f TYR«TK,P«( DTAF-3'J THEN TIfAT(2I*T F fA T I 2 .1 *

CoO

11600
,; N34N3*,) 00011610
If

ACT

IVF CTYPATK,PA(.DTAF,l 3) Tf|F F, 00011620
BEGIN OuOIISJO

Kf 4KF4) ! r.n

TO

I ft 00011640
ENP) 000H850

0001 1 6 4P

KA4KH4P,-

N34NJ-2.: 00011860
PICKCFIARR(PACPTAN;,f.A,S,7,2J;

OoO!

16(0

GO

TP

IS:

KE. !)" 00011940
If

ACTIVE

(TYPATK.TSTTADIKC.I)) THF N P o 0 1 1 9 5 0

L5:
L6!

| f fAI ( 4 I.tFFAr| 4 ) 4 K F : 0 0 012 010
FNP

FORI

l POP) 00012020L4i
FIN: IF FF A s THFN

BEGIN

FOR

149,(0.11 pn TEEATLIJiO.; 000 12050
TF FAII If UTFF A] f 19)40! 00012060

FORI

LAST AL I 00 000 1207 0

BEGIN

00012000
BRE AKDMw(]RP( AL IERSI I , A I TtRSi I . 4 I ) , A . « . 0 .0 ) !

PoO

12090
II

CHEKRITr

SPt FDM, C ) THIN 1f fn l [1 f J -T f LA T [ 1 0 1 4 1 00012100

I

V*TCT

1

C»'f

AMDATA! ALU.

RSI

I . 0 1 , 3 1 , 4 1 : OoO) 2 1 00
Tf a-D AMP P= P THEN' X*l F.LSF X4(IF li = 0 THEN 000 121 70

1-TOMPRPB ELSE

1 -PMSPf c( 2xP» I

S

I ; 00012180
x4Xxv : TffAT [ 9 1 . 1 I.TFtAIr9 + . I 1 . x : 0001 2 1 9 0

ENO) °u012200

I.; 3 4 1x4- 1 ;

v>> »

| i (. : KC*PACDIAM ."' < 1
Ni4N3 4 4 i KR> PACr,T Af I ? I f. P'- 0 :

000 1 1 6 3 0
000 1 1 64 0

Kp.r F l SE

PO4-1

0001 1690
fMli; 00011700

[F Kl)<A THI'I All Til |«l 000 11 I10
If ,|i>r, THFN 000l1720

p I

C

X c HA R

S

( p A f n 1 A N ? , XB . 7 . 7 . 2 j ) °0 ° ' ' B ° °
KP<

SoRTGTTM..KH.C

1) OoO) 1 890

FORJ!

KP PP 0.1011900

BEGIN

000l'91.)
Ki:t',«i(,T|H.ti-:,.i!; 0 00 1 1920
FUH K*?,3,.-,,5 I'U IF -i pi U- 1 ( 1

PTTAPTKC.K

J I 'o I HEN 0o0i1v.il.)

Ht

GIN

00011960
KF*I)GOTULft) 0001 19 70

Inn;

000 1 1 9 o0
END F

OR

J L POP)

OoO

l l9vu
IF t A I I 3 1 .TF F ATM ) iKt ) 00 012000
If f A 1 ( 4 1.TEF AT| 4 14KF : 00012010

00 0 12030
000 12 0 4 0

ILSF

IF CHF K n i t ( sPl DMA

,C

) THEN TF E A T T I 9 ) * TFE A T ( 00012110
19)41) 00012120
IF h=P THEN ,I*o ELSE J*RE HUM ( T .Ii ) ; 000l2 130
( ( J< 2 TH E N 00012140

HI

GIN

000 12 150
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LND) Pool 2240
end evaluate ; 0001 2250

P)012 2 -j 0

CUMMENT

PACE

.1 A I nfrLR") I \ f S To! Ff A T I |J I VAL.! F. S

GIVEN

Tv A T AN Ah ENTERS P,IOI 2 2 7 0
lilt SYSTfM THROUGH A

PAC

WHJCH MAXIMIZES THF MINIMUM DtCtSIUN 00012260
fUNCTIU', "A.

of

OVER AL ' °A. of '-ill t [S

STHRfn

IP PFEAT! 00012290

PROCFOURE PACTVAL!

0,1012300
BEGIN 0 o 0 1 2 3 1 0

COMMENT

PtTFRITNE -AX-MIN VALUES JNDER I

ONf ''AC

ATTACK) 00012320

RE 41 VMIN,VMAX,VI 0o"12 34 0
LABEL Q.I 1 , L o , l. 1 . | -i . PoP 12330
RLAL ARmAY OMFEAI

f0!

NOMxMYPE .0! NFE ATIIPES 1, INTA( 0 1

NOMXN

TYPE ] ! 00012360
INTEGER ArtnAY INTfijINTCtOtNDMXNTYPEJJ

OuP

l2 370

FORI

NUM

OP TOTATIK-Pi 3P«C*TRi.IEI

MAX*O) 00012380
N3*3)

FORI NFEATURES

UP xFFA T( I] 'TF E A T( I) ) 00012390
FUR!

NFEATURFS

DP 0" lEAT r o . ! I*f f I AT ! T I ! Pol) 12400
INTB[OI4T F f A r f 4 ] ;

TNTi.TOI

< TF fA T [ iJ : 0 0 012410
MULT(WATE.TFFAT,TNTA[ 0 ] . X " NF E A I uR t

S

) :

COO

12420
FIIRI 1 NPAf

OP

000l2430

BEGIN

0

,.'

012440

C*PACOTAN3!

N3*N3*4)

"I*PACOTAN3I "IfulJ

0.0 12430
FUR J 4 f4 1

STEP

1 UNTIL P PP 0()0124o0

BEGIN

0 o 0 1 2 4 7 0
W P A c 4P 1 f I i S I J 1 i 0o 0 1 2 4 8 0
PRE AKOMI>-0R"I(

l-IPAC

,

A,

A. A. 3)1 0001 2 4 / 0
IF INTA!A]*O THEN ill TP Lll 00012500
fork

MrFATuRES

00 TEF A T I k 1 4 v ) ; n n i k ] ; 0u012510
X*DML

OCO

! A . R4 3 ] ! 00012 5 2 0
TF K»0 THEN

GO

IP g : F V At U A i f ( P , 1 ) ) 00012530

DMLOCOr

A .B . !

T.k;

P J012540
IF K»1 THEN

CL'.AR'iT

I ( PMV'J IPI

r

i I.A) ; 00012550

FORK

NFEATURES UP PMFE A T ( A+RxNDM,K ) *TFE AT(K J ) 00012560
I N T

C

r A 1<- T E F A T I 3 I : 0 o 0 1 2 5 7 0
MULTCWATE,TFFA|, I NTATAI.K, NFEATURES)) 00012560
! NTHT A 14 IFF IT [ 4 1 .! 00012590

L 1 : V* INTA(AI) 000 1 2600
TF

HEURIST'C9

THE') KA.X

C

. P

Fisf

00012610
HEGIN 00012620

KA*TNTRrA)j

XC*

INTC( 4 -: 0001 2 6 5 0

ENDS

00012640
IF

MTNaO

THFN

GO

TP L?! 00012650
VN IN*I NT A THIN]! 000l26nil
IF

HF.URISTTK9

frIEN

KR*KD*O FLSF

00012070
4 1. C, I M 00 0 1260 0

l.H.TNIRi M I I) i ; KD*

INTCI

M 1 N ] 00012 690
I. Nil, 0

OPI2

700

If

MAX=O

P-i'i !l J-.LI Trill) G(l TP I i t. lot G|| | U

i.i0o012?50

VMAX*INTA£'<A X 1 ) P o 0 I 2 7 a 0
IF

HEURISTIC?

1)0 ■-. Kp.

KIM".;

f|t|

0o012?70

HI

GIN

0(iO127BO
XR«. T NTH rVA X } ) KP4INT

CC

M AX ) 0 �01279 0
i np :

PoO

l 2 hop

If k a<k I THFN

GU

Ti' Is i 000l261 o

ARC

11 5330
ARCOS34U

ARC

05340

ARCO

5 3 40

AkCO5

3

ft

0

AROoS

3ft !

AkCO 5 3 6 1

ARC

0 5362
ARC05363

ARCO

5 3 '0

ARCo

5 3 7 0

ARC

05360

ARCOS3

9 0

ARCOS4

00

AHCO

5 4 00
AH (.05420

ARC

05420
ARC 0 5430

AHC05440ARC

05450
A R

C

0 54 60
ARC05460

ARCO

5 4 7 0
ApCO 5 4 7 0
ARC(>S4hO
Ah('o 5 4 9 0

ARC

0 5490

ARC

05490

ARCOSSOO

ARCOSSOO

ARCUSSI

0
AHC05520

ARC

05520
ARC05520

ARCOSS3

0

ARC

05540

AHC05540ARCO

5 5 5 0
ARC05550
A R I. 0 5 5ft 0

ARC

0 55 HI

ARC

0 55 ft II

ARC

055 70

AkCO55

7o

ARCo

5 5 7 o

ARC

05570

ARC

05560
AHCUSS6O

ARCOSSBOARCOSSftOARC

05590

ARCUS6OO

ARCO

56 1 0
AI(( 05ft 20

ARCOS63UARC

05ft 40

A,

it 037 40

HLOS7

4 0

ArtCos6so

A l< L 0 5

ft

5 0
ARC05660

END FPR T 1

pp->

: 000 12210

I

I

I

ITU-P ' -iF < I rsi' ? ; on,. I t')Ml\F A <- T Tf) .3 ,- , 7 1)A4P ! 0001 2 2 2 0
T

DMOMt

4T DM 7 FS"i4tALSE) P 0 0 1 2 2 3 0

INTE

G

F R

T>J>K,kA

. > P , k 0 , k ■) , ft ,3, r , 1, MT N, -I AX . L "m3 ! 0001 2 3 i 0

If KA<Ki>

lof

M i,| Ii [21 000l2710
If HUrti

0*

VMIN<V +P-5 THEN

GO TO

0) 000 12 72(1

tf

vvmln PR Ki.<KP IHtN -.Ml TP 12 > 1

3f

oo TU (I ; 00012730
1.2: min*A) 000 12740
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If

KS<KA

01

VMAX<V-.i*-5

THEN

GP

TP P. 000 12620

L 3 i M A X *M I N) P0012640
0 1 EivD

FOR

JLOOP) 0)0 12850

L4 l t NP f PR! I pop: 00012870
FORK

NFEATURES On

rFIaT!«I4V F f A T T k 1 1 00012 880
TV I 4 INT H I MAY 1 i TV2<-TUT A [ "AX 1 I 000 12690
Tv 3<

INTO!

MAX 1) Fif AC*F AI.SE) O.)012900

IF

HEURISTIC

0 THFN TVI*TV3*PI 00012910

FORK NFEATURES

DP P E t A TI K 1 *PMF E A T T M A

\

, <J i 00012920
PF EATI O)4I V2! 00012930

FND PACEVAL) 00012940

COMMENT MEWAM SUPERVISES THE

GFMFR»TIPN OF

AMDATA BY FTTHFR CALLING

PRUCOuO

I

296OGEMAMDATA

PR

RETRIEVING

DATA

PREVIOUSLY STPREP

IN PAMOAIA)

000,2970PROCEDURE

NEWAM(PF.RIUI), I )! 0i)012960

VALUE PERIOD, I) 00012990

INTEGER

PFRIOP,!) 0 o0 1 30 0 0

RFC,

IN 0 0 0 13010
REAL 0) 0D013020

AMINO4AMI

ND*l ) AT

TACK

(T,

;'

)4l ) 00013030

NOTGT*NUUEFENSE*TUOI.ATE*fALSFi

Po01 3040
IF

AMFI.AG

THEN 0t)013050
BEGIN 00013060

I ASTPp P W 4 J I .1 4 999 9 I

POOl

3 0 9 0
END) Pol) 13100

IF MAXAMDT<LA«TPRIIW THEN MAXAMDT*!. ASTPRPw) Pool 3110

FORJ

NAMPATA

PO AMOATAILASTPROW.

J 1.-PAMUTAI AMINO, J j;0u01 3120
K*AMI)AIATLASTPRPW,O)) 000, 3130
IF K*l THFN AMPATAtLAsTPROW,

OI*OI

00013140
IF X*2 THFM ATKTYPt (A"OAT ArLASTPPPW, 3), PERIOD)) 00013150
IF K*l THFN IF K=2 THFN NPDF FE

NSF4T

R I! E

FLSE

IF K=3 0.J013160
THEN

NOTGT4TRME

F t SE

TOO!

ATE* TRUE! 00013170
WRI Tt (DATAOUT,<"AM", I4>,

AMOAT

AI

LASTPRfIW,

I I )) OyO l3loo
IF

AMOATAft

ASTPPOW,

7I*O

THEN OoO) 3190

HEGIN

00013200

AMINO*AMIMO

4 1) 00013210

FOR J*I ASTPROWSTEP

1 UNTIL MAMDATA

DO

IE 00013220

BEGIN

00013240
K*J!J4MAMDATA) 00013230

t NP ! 000 1 3260

FORJ

NAMOATA DP AMPATAIK , J 1* P A Mil TA!AMINO , J 1 ; 00013270

end else 00013320
BEGIN 00013330

Gt

NAMDATA(ATTACK[ I,I),

ATTACK!

I,2 J,

ATTACK!

1,3 1. 0001 3340
ATT

ACK

[ I, 4],

ATTACK

I 1,5), A

TTA'CK

H,6 ] ,

ATTACK

(I, 0 ] , 00013350
FULL, FALSF)) 00013360
IF NUT

NOTGT

THFN A TK T YPF ( AMD A T A f I A

ST

PRP W . 3 ) . 00013370
PERIUO)) 00013300

END IF AMFLAG) 00013390
IF

NODEFENSE

THE" 000134.

BEGIN

0i)01341o
K4AMOATA[| ASTPRPW, 3I) 00013420

AHC05670

ARCOS6BOARC

05690
arro d 7 0 0

ARCO37OOARCO

5 7 1 0

ARCO

5 7 1 0

ARCO

5 7 2 0

ARCO

5 7 2 0

ARC

05730

ARCOS74

0

ARCOS74

0

ARCO

5 7 5 0

AI.CO

5 7 5 1
ARC05751

ARC

05752

ARCOS

7ft 0

ARCOS

760

ARC

05760

ARC

05760

ARC

05760

ARC

05770
ARC05770
ARC05760

ARCOS7BOARC

05790

AKC05790

AKC05790ARC

05790

ARCOSBO

0

ARCOSBIOARCO

5 8 2 0

ARCOSP2OARCOSB3OARLOSB4OARCUSB4O

ARCOSBSO

ARCOSB6OARCOSB6OARCOSB6O

AKCOSB7OAKCOSB7OARCOSB7OARCOS6BOARCOSBBO

ARCOSS6OARCOSB9OARCOS9OOARCOS9OO

ARCOS9OOARCOS9OOARCOS9OO

ARCOS9IO

ARC

05920

ARC

05920

ARC

05930

ARC

05930

ARC

05940

ARC

05950

ARC

05950

ARC

05950

I

<\

I

I

[f vo/MAX PR

KC<KO

THEN G[l TP 14 T t

SF

GU TP Q) 000 12830

MAX* IF

»MN=O

THEM MAX ELSE M IN) 000l28 6 0

00012950

FDRJI MAMPATA PP If A M I) ATA[J , 0 ] =C THFN 00C13070
BEGIN 00013060

AMOATA!

J.

OI=O

THEN 00013230

IF

MAXAMOUK

THEN MAXAMOUK) 00013280
AMDATAT

LASTPPOW.

7)*K) 00013290

AMOATATK.OU-LASTPPUW!

0 0 013300
ENO 00013310
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FND NUUtFFNSf ELSE IF NPTGT THEN 00013490

HEGIN

wPI TF ( PA T aPi IT r PRL ],<"AM", I ,| ,
AI 1 ACK [I,P | ) : AMNOW4A'I-,P',v- 1 ;
ATTACK(U7I*O

END

NOTGT

F|SF TF TOULATE THEN

BEGI

N
K*AMUATA!LASTPRPW,3 ]) KA*-11

KE*AMUATAf

LASTPROW, 1 1 ■

FOR

0*2,3.4,5 DP

HLG

IN

TOM",KB))

AMNUW*AMNOW-1

ENP)

IF

KA*O

THEN

TOLIST

IK3UKA-1 !

ATTACK

T l,7]*o

END

TOOLATEI

FND NFWAm;

COMMENT UENALTFRS GENERATES A SING|E

ROW

U ALTERS
IN ROW 1 OF AMDATA)

PROCEDURE

GENALTERS(I)

VALUt I)

INTEGER

I!

REGIN

LABEL 1.1,L2, I 3.L4.L5.L. NFXI.LAaT)
KA*FINALT )

IF HEUR2( I, PERIOD) THEN

BEGIN

KA*KA*I) AETERSrKA,O)4I)

END! 00014000
KB*AMIIAT A[

1,8

1 ! KC*-PERIPO! KF*4) 00014010
If COVERED! AMOATAr I,3]) THEN BPAC*TRHE

FLSF BPAC*

00014020
FALSE. 00014030

T4TC,TLCVrK.4I4rGTLCVtK,4)x(I-OESToR3R)) 000 13440
kB*AMUA!ArLAsTPRU*,II; 00013450
..R 1 It ( PAT

AO'JT.FIITDt ST.PERIOD.KB.X

A ) : 000l3460
WRITt(PATAPUTrUPL],PESTTGT,KA,AMPATArLASTPrtOW.2), 0001 3470
KH.T))

AMNPN4AMNOW-1

)

ATTACKt

I , 7] 40) 00013480

HAS NP TaRGET">, 0U013510
00013520
00013530

0001 3500
00013590

ko*TGTTAPI

k.,1) : KD*TDLIST(KCI I 00013600
IF KAoKP THEN 00013610

BEGIN 00013620
KA*KI): KH4KC) 00013630

END 00013640
ENO) 0.1013650

KE <- AMDATA

rPASTPR

Li W.4): 000l3660
IF

KA*O

THEN 00013670

BEGIN

000] 3600
TDLISTrKH]<-mLIST(K,n-l; 0001 3690

DLIST!

KHI4PI TSI ! KB 1-1 00013700

BEGIN 0ut)13730

T4TGTI.OVIK.4 !*!GTLCV(K.4]xCI- OESTPHOB). 00013740
IIRITE(DATAOIIT I DRL

I,OE

j TTGT,KF , AMD ATA ( L A STPROW , 00013750
2T.KF.T)) 00013760

END EI

SE

IF

XA*O

THEN 00013770

HtGIN

00013700
WRnE(OATAOUT[OBL).K|tEAM,KE,AMOATAI

LAOTPRUW,2.IOoOI379O

0001 3800
0001 3810
0001 3820

0001 3860

FROM

AM DATA

STORED

00013870
0001 3860

ALTFRSIKA,

1 ]* AL TERS(KA,2 ]*AI.TERSr KA, 3 )*ALTERSi KA, 00013980
41*5) ALTFRSr<A,S)*O;

GO TO

NEXT! 00013990

ARC

05950

ARC

05960

ARC

05960

ARCOS9

7 0

ARCLS9BO

ARCCS99OARC

0599 0
ARCUS99O

ARCO6OOO

ARCO6OIOARCO6OIO

ARCO6O2O

ARCO6O2O

ARCO6O2OARCO6O2OARCO6O3OARCO6O3OARCO6

0 30

ARCO6O3OARCO6O3OARCO6O4

0

ARCU6O4O

ARCO6O4OARCO6O4OARCO6OSOARCO6OSO

ARCO6OSO

ARCO6OSO

AHCU6OSOARCU6O6UARCO6O6O

ARCO6O7OARCO6PBOARCO6O6O

ARCO6O9O

ARCO6O9OARCO6IOO

ARCO6IOO

ARCO6I OO

ARCO6I

IO

ARCO6I 10

ARCO6I IOARCO6I2OARCO6I2I

ARC

061 21
ARC06122

ARCO6I 3OARCO6I 3O

ARCO6I 3OARCO6I 3OARCO6I4OARCO6I 4O

ARCO6ISOARCO6ISOARCO6ISOARCO6I6O

ARCO6I

6OARCO6I 6O

ARCO6IBO
ARCO6I9O

ARCO6I9O

KA4AMOATArLASTPROn.4j: 0 0 013 4 3 0

00013500

00013540
0u013550
00013560
0001 3570

END) 00013710
IE KA = 0

OR TDMPROIXRAIoUOM

THEN 000l3720

00013830
00013840
00013850

0 0 013 8 9 0
0001 3900
00013910
00013920
0001 3930
00013940
000139d0
0001 3960
0001 3970
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[F A M D A T4 [ I "K l < 0001404 0
0001 40 5 0

FUR K4l y 1 1AT A T T . 51

ST

f
<( THEN GP I P I. 1 1
I I

AMU*

[Af 1,7 l/i) I«EH

UNT ]i. 31

00014 0ft 0
00014070G IP
0 0014 0 6 0AMP A I A !

AMP;'

T fti | . .» 1 , o I . 1 !
AMPAIAT 1 ,P 1< 0 0)014090

00014100I N P I. I S I
00014110if

i,

I 'I
000 141 20IF

BPAC

TPF N
Hi

G

I N 000141 30
01,014140KA4K A4l i A|TERSfKA,)I4T!

AL I F R S I X A , 5 I .-0 "' 0001 4 1 5 0
00014) 00FURJ, 4 PP A | If I,'SI KA, J

I*s!

fKA.IUO) 00014170If Amp\TAf!.2 ] *p [ R

t

0r, THEN ALTF R
EN0 ) 00014100

00014 190AMI)AIA[I, 5 1 < X " 4 1 ;
I N D : 00014200

00014210

GO TO

NEXT)
00014220

C PM MF N 1

SET

HP

CURRENT

P F R I p D i

BEGIN

00014200
KG*AMDAIA[r,.IJ! 00014290
IF

KG<O

THEN

GO

TO

L4) 0u014300
BREAK P M W P P P ( k

G

, XP , < 0 , X 0 , XE ) ) 00014310
IF

CHF'KBT

TTDMVUIDIKEI.KO) THEN

GP

Tv 1.3) 00014320
KF4KE*Ii AL Tf

RSI KA.KFI*KGI

06014330
FND

FOR

J

LOPP!

00014340

HEGIN

00014360

K4H; UAMOA

lutl. 71 :

CO

TU

L2S

00014370
END) 0U014300

K4j: 00014400
FND

CURRENT

PERIOD) 00014410
AI.

TFRSTKA.2

)40! 00014420
FUR J4KH

STEP

1 UNTII X'- 00 00014430

BEGIN

00014440

KG*AMUATAr

I �l)! 00014450
IF KG<O THFN (F HF UR2( I , PERIOD) THEN

GO TO LAST

0u0144o()

ELSI GO TO

L! 00014470
HREAKDMWORD(KG,KD,KD,KD,KE)) 00014400
IF CHEKBIT(OM./0 ID(KE) ,KD) THEN

GO TO

L) 00014490
KO*OCCI)R(4LTERr,rKA,«).KF*I,KG,6.6.3)) 00014500
IF

KOSKF

THEN 00014510

HEGIN

00014520

ALIERSI KA.KO

1* AL TE R S I K A,KD ) 4 AL TER

SUNE

> 000145J0

CO TO

L 00014540
END) 00014550

KF4KF*I)

ALTERSf

KA,KF I*KG) 00014560
END FDR J LOOP) ' 00014570

IF AMDATAf I ,7I*O THEN 00014580

BEGIN

00014590
UAMUATAI 1,7 ] I KB*AMDATAI 1,8]) K*S) 00014600

GO

TU L5) 00014610
END) 00014620

UALIERS!KA,O]) 00014630

A„CO 6 2 00

AhCO

6 2 0 0
ARLO 6 2 1 0

ARCO62I

0

ARCO

6 2 1 0

ARCO

6 2 1 0

ARt.O

6 2 2 0

AhCO

6 2 2 0

ARCOft

2 2 0

ARCo

6 2 2 0

ARCO622

0

ARC

06230

APCo

0 2 3 0

ARCO

6 2 4o
ARC06240

ARC

06240

AhCO62

40

ARC

06250

ARC

06260

ARC

06260

ARCO

6 2 7 o

AHCO6

2 7U

ARCo

6 2 7 0

ARCOft

2 6 0

ARCO62BO

AKC06260

ARCO629

0

ARC

06290
ARCU63OU

ARCO63IOARC

06320
ARC06330

ARCO6

3 30
ARC06330

ARC

06330

AhC06340

ARC06340

ARC

06340

ARC

06350

ARCO636

0
ARC06360

ARC

06360

ARC

06370
ARC06370

ARCO6.3

60

ARC

06360

ARC

06390

ARC

06390

ARC

06390

ARCO64OOAKCUO4OOARCO64OO

ARCO64IO

ARC06420

ARC

06430

ARC

06430
ARC06430

ARC

06430

ARC

06430

ARC

06440

ARC

06450

LI I

L3I

L4I

L5!

L I

LAST!

KH4K44I; AL TFRS( k a ,

O

] 4 I ; hMUaTA! 1, 5 1 *K

;l

I . T(RsrK A . 4 1 * '"j :

«I.TIHS

( X A > 1 1* 0 )
If

AMI,A

| A I T,KI = X C THFN

HEGIN

0 0 014 2 3 0
00014240
00014250
0001 4260

L2IFUR

J*K+l STEP

1 UNTIL

KO

DP 0.)014270

IF KB=NAMPATA THEN 00014J50

ALTf RSIKA, 1 I* IF KF=4 THFN 0

ELSE

KFI 00014390

IF KF=4 AND

NOT RPAC

THEN 00014640
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BEGIN

00014650

AHC06450ARC

06450

ARC

06450

ARC

06460

ARC

06460
ARCU647O

ARC

06460
ARCO64BO
ARC06490
ARCO6SOO
ARCO6SOO
ARCO6SOI
ARCO6SOI
ARC06502

ARC

06503

ARCO6SIOARC

06520

ARC

06520

ARC

06520

ARC

06520
ARC06530

ARC

06540
ARC06550
ARC06550

ARC

06550
ARC06560

ARC

06560

ARC

06570
ARC06570

ARCU6S7O

ARCO6SBOARC

06590
ARCO66OO

ARCO66OO

ARCO66OO

ARCO66IO
ARCO66IO
ARCO66IO
ARC06620

ARC

06620

AKC06630ARC

06640

ARC

06640

ARC

06640

ARC

06640
ARC06650

ARC

06660
ARC06660

ARC

06670
ARC06670

ARC

06670
ARC06670

ARC

06670
ARCU66BO

ARC

06660

ARC

06690

ARC

06690

ARC

06690

ARC

06690

ARCO67OO

ARCO67IO

KA*KA-1)

GO TO

NEK! 00014660
END) 00014670

KF*KF*I) ALTFRS[KA,KF )*Oi 00014660
IF

AMOAT

A(I,

2UPFRIOD

THEN ALTERS IKA,] ) *XF ! 00014690
ALTERStKA, 3)*KF! ALTERS(KA,2 I*HEUR3(KA) ) 00014700
KD*ALTERS[KA,2)) 00014710
CW*CWx(

ALTERSIKA.2I-4

))

C

WO*C WOx ( KF- 4 ) ) 00014730
NEXT! FINALUKA) 00014740

END GENALTERS) 00014750
00014760

COMMENT INIIIALALT ESTABLISHES AN INITIAL ALLOCATION FOR THE CURRENT 00014770

PERIUD,

X

IS

THE LUwER BOUND INDEX IN ALTERS.V THE UPPER AND H 00014780

IS

A

BOOLEAN

WHEN TRUE IT IMPLIES MANDATORY ENGAGEMENT UFALL AM)00014790

PROCEDURE

INITIALALT( X, Y,H)! 00014800
VALUE X,Y,H) 00014810

INTEGER

X.V) 00014820

BOOLEAN

HI 00014830

BEGIN

00014840
COMMENT DETERMINE INITIAL FEASIBLE

ALTERNATIVE,

x IS LOWER INDEX 00014850
AND V

IS

UPPER

INOEX

UF ALTERS, H TRUE

IMPLIES MANDATORY

ENG

AGE

MENT ) OoO I

466O

BUULEAN BINIT) 00014870

INTEGER A>L,K,

I,KA,KB,KC.KD) 00014860
LABEL L1 ,L2,L3,L4,LA,F1N) 00014890

FIRSTPASS*TRUE) A*ALTX; L*LASTALT) 00014900

LASTPROW*-!!

00014910

FOR

ALTX*X

STfP

1 UNTIL V 00 00014920

BEGIN

00014930
KA*ALTE

RSI

ALTX.4I-1 I 00014940

KC*ALTERST

ALTX, IF H THEN 2

ELSE

3)1

K*ol

00014950
BINIUTRUFI 00014960

Lll KA*KA*i) KB*ALTERS(ALTX«KA]) 00014970

LASTALUALTX!

KO*ALTERS(ALTX,4]) 00015000

ALTERSf

ALTX,4]*KA) SELECTTDM) 00015010
ALTERS(ALTX,4]*KD) 00015020
If

NOT FEAS

THEN IF H THEN

GO TO

L 2ELSE 0^015030

BEGIN

-

00C15040

T*TGTLCV!AMDATA(ALTERS[ALTX,O),3],4U 08015050
TFFAT(9!*TFEAT(9]+T) 00015060

GO TO

LA 00015070
END 00015080

ENO) 08015090

EVALUATED,

KAI) IF FEAS THEN GO

TO

LA) 00015100
L2I IF

KA<KC

THEN

GO

10 LI) 00015110
IF NUT BINIT THEN

GO TO

L4I 00015120
L3I BINIUFALSE) ALTX*ALTX"I) 00015130

IF ALTX<X THEN 00015140

HEGIN

00015150
FEAS*F«LSE)

GO TO

FIN) 00015100
END) 00015170

K*ALTERSI ALTX, 4]) 00015180
KC4ALTERST ALTX, IF H THEN 2

ELSE

31) 00015190
IE

K*KC

THEN 00015200

BEGIN

00015210
KA*K!

GO TO

LI 00015220
ENO) 00015230

L4I KH*ALTERS( ALTX.K]) 00015240
IF

KH*O

THEN 00015250

IF KD =KF AND

NOT BPAC

THFN AL TE

RS

(KA,2] .XD- 1 ) 00014720

IF KB=o THEN 00014980

BEGIN

00014990
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I
BEGIN 00015260

T4TGTLCV|AMOATA[AITERS!ALTX,O 1.3).4]! 00015270
TF t ATT 9 HTFF AT [ 9]4T 00015200

END

F-LSE

00015290
BtGIN 00015300

If w<»( TJli- SLI.ECTTpM) 00015310
F VAI.UATE (X, 0, 00015320

f NP) 00015330
ALTf

hSr

ALTX, 4I*S)

UO

TU 13! 0u015340
LA!

ALTERS!

ALTX . 4!*k A! 00015350
FNU

FOR

ALTX

LOOP!

00015360
FFAS4TRUE;

FTRST°ASS*F ALSt

! lASTALUI.) 00015370
FVALUATE(O.C) ! 00015300

FIN: ALTX*A! LASTAI.T4I.) 00015390
FND INITIALAIT! 00015400

0 0 015 410

COMMENTLOJKAHEAD

DETERMINES THF

BEST ALLOCATION FOR

THE CURRENT PERIOD 00015420

GIVEN

THAT THE NEXT

PERIOD

A" ARE KNOWN) 00015430

PROCEDURE LPPKAHEAOI

00015440

BEGIN

00015450

COMMENTCALCULATE

DECISION

GIVEN

NEXT PERIOD AMS) 00015460
INTEGER I,

J.K,KA.KB,KC,Kn,KE,KF,

A,L,

VA,VC,VP.VF.

VF ! 00015470
REAL VBi 00015400
LABEL L1.L2.L3. I.S,LFE A

S

. F IN! 00015490

BOOLF

An FL IP) 0./015500

LV3*VC)

TFEATrO

I*I.V2*VB) 00015540

FORT NFEATURES DO

00015550

BEGIN

00015560
Lf EATIIPf I I

UTf

EAT! I ]) 00015570
LPfEATUREHHPfEATfII 00015500

END) 06015590
FORI FINALT

On

I

BESTCPMR!

I ]*ALTEPS! I. ALTERS! I.4]]) 00015600
IF

OUT

3THEN 00015610

BEGIN

00015620
WRI TEtPATAfHITIOBL) ); 00015630

fUKI fINALT PD LBESTenMBI I ] )) 00015650
PFEAT(II) 00015670

BEGIN

, 00015710
MULT( WATE.TFE AT. VB.K,NFEATURES)) 00015720
IF

HEURISTICS

THEN

VA*VC*O ELSE

00015730

BEGIN

00015740
VA*TFEAT(4I! 00015750

VC4TFFATI3!

00015700

ENO

00015770

END#.

00015700
CK=IF VA<LVI THEN

CHANGE

ELSE IF LVI<VA

OH LV2<VB*P-5

00015790
THEN K4K

ELSE

IF VR<LV2 PR

VC<LV3

THFN CHANGE ELSE IF 00015800

VD*PFEAT!«]I VF*PFEATrO]) VF 4 P F E A T I 3 ] ) 00015830
IF

VO<LPFF

ATURE [4 ] THFN

CHANGE

ELSE IF LPFE ATURE t 4 ]

OOO

I

SB4 O

<YD UR LPFEATURE [O]<VP*P-5 rtitN K*K

ELSF

IF VE< 00015850
LPFEATURE TO] PR Vf <LPF EA TLIRE I3] THEN CHANGE 00015860

ARCO

6 7 10
ARCO67IO

ARC

06720

ARC

06720
ARCO672 0
ARCO 6 7 2

CARC

06730
ARC06730

ARC

06730
ARC06740

ARC

06750

ARC

06760
ARC06760

ARC

06770
ARC06770

ARC

06771
ARC06771

ARC

06772

AKCO

6 7 6 0
AHC06760

ARC

06790

ARCO6BOO

ARCO6BOOARCO6BIOARCO66IOARCO6B3O

ARCO6B3O

ARCO6B3OARCO6B3O

ARCO6B3O

ARCO6B3OARCU6B4OARCO6B4OARCO6B4OARCO6BSO

AKCO6B6OARCU666OARCO6B6O

ARCO6B7O

ARCO6B7OARCO6BBO

ARCO6B6O

ARCO6BBO

ARCO6B9OARCO69OO

AHCU69OO

ARCO69OOARCO69IO

ARCO69IO

ARCO69IO

ARCO69IOARCO69IO

ARCO69IOARC

06920

ARC

06930

ARC

06930

AHC06930ARC

06940

ARC

06950

ARC

06960

AKC06970

DEFINE

CHANGE=

00015510

BEGIN

00015520

LVI*VAJ

00015530

WHITE(r)ATAPUT,<"LBf STCUMB", 30(X1,A2)>, 00015640

WRITE(PATAOUT(OBL] .

<!O

F12.4>,F0R1

NFEATURES DO

00015660

END) 00015680
END*. 00015690

SETUP=

00015700

VC=LV3

THEN 00015810

HEGIN

00015820
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END*. 00015870

ARC

06970
ARCO69BO

ARC

06990
ARC06990

ARCO7OOO

ARCO7OIO

ARCO7O2O

ARCO7O3OARCO7O4O

ARCO7OSO

ARCO7O6O

ARCO7O6O
ARCO7O7O
ARCO7O7O

ARCO7O7O

ARCO7O7O
ARCO7OBO
ARCO7OBO
ARCO7OBO

ARCO7OBOARCO7O9O

ARCO7O9O
ARCO7I

OOARCO7IOO

ARCO7IOO

ARCO7IOOARCO7I IO

ARCU7IIO
ARCU7I

IO

ARCO7I2O

ARCO7I2O

ARCO7I2O
ARCO7I

3OARCO7I 3OARCO7I 3O

ARCO7I3O

ARCO7I4OARCO7I4O

ARCO7I4O
ARCO7I4O
ARCO7ISO

ARCO7I6O

ARCU7I6O
ARCO7I6O

ARCO

7 1 7 0
ARCO7I7O
ARCO7IBO

ARCO7

I

9O

ARCO7I9OARCO72OOARCU72IOARCO72I

0

ARCO

7 2 10
ARCO72IO
ARC07220

ARC

07230

ARC

07230

ARC

07240
ARC07240

ARC

07250

ARC

07250

FORM

NFEATURES rp XFEATrI ] * T F E A 1 [I] ! 00015890
A4ALTX!

L4IASTALT!

FIAG*PALSE) 00015900

I.ASI«LT4F INALTS

00015910
IN! T 1 AL ALT( NF XT AI. T. FINALT,TRUE)) 0 0 015920
IF NUT

FEAS

THEM INI I I AL ALT ( NEX T ALT , F I NAL T , F AL

SE

) ) 00015930

ALTX4NFXIAL T ! LAM AL UFINAL 1 '" 00015950
L2I

KC*ALTEKS[ ALTX, 2I ) K A * AL TER

S

( AL T X , 4 I ; 00015970

ALTX4ALTX4I!

GO TO

L2: 00016010
LNP! 00016020

IF

KA<KC

THEN KH4KA*i El.sE 00016030

BEGIN

00016040
K845; ELIP4TRUE 00016050

ENO; 00016060
KE*ALTERS[ ALTX.K* 1 i 00016070

LU

ALTERSr

ALTX,4!*KB!

SEtECTTDM) 00016110

ALTERSt

ALTX,4I4KA ) 00016120
If NUT

FFAS

THFN

GU

Tfl LTEAS 00016130

ENO ELSE

00016140

HEGIN

00016150
HREAKDMWORO(KD,KF,KF,KF, KG)) 0U016160
IE

CHEKBI

T(DM.IO!D(KG ] .KF ) THEN

GP TO LEEAS

00016170

FLAG4TROE: GO

TP L 3 00016210
END) 00016220

IF KE<»4 THEN 00016230

BEGIN

00016240
SELECITDM)

GO

TP L300016250
END) 00016260

L3I
IF

FLAG

THEN 00016260

BEGIN

00016290

FLAG*F ALSFI

00016300
TFEAT!9]*TFEATf9]-IVALUE 000 16310

END) 00016320
SETUP) CX) 00016330

LSI

GO TO

L2) 00016350

LFEASI BEGIN

00016380
ALTX*ALTX*I)

HO TO

1.2 00016390

FIN!

KE*ALTERSI I ,4); KF* AL TER

S

( I , KE ] ; 00016440
BREAKDMWORD(KF,KA,KA,KB,KC); 00016450

TVALUE=

IGTLC

V! AMD A T A [ A L TER

S

! AL T X ,

O

I , 3I .4] t) 00015880

SFTIIP) IF IV2 = 0 THFF,

CHANGE ELSE CXI

00015940

IF ALTX>FINAIT THEM

GO

TP FTN) 00015960

IF

KC<KA

THEN KC4KA) FLIP*FALSE) 00015960
IF

KC=5

THEN 00015990

BEGIN

00016000

KD*ALTEHSI AI TX,KP] I 00016060
IF

KD=O

THEN 00016090

BEGIN

00016100

END) 00016160
IF

KE=O

THEN 00016190

BEGIN

00016200

ALTERS!

ALTX, 4]*KB) EVALIJATE( X A, KB ) I 00016270

IF FLIP THEN ALTX*ALIX*I

ELSE

AL TX 4 NE X T AL T ) 00016340

KB4IFKB<KCTHENKR4IELSLS) 00016360
IF K9=KA THFN 00016370

END! 00016400
IF KB=s THEN

FLI**TRUE; GO TO

Lll 0u016410

FOR

UNEXTALT

STEP

1 UNTIL FINALI

OP

00016420

BEGIN

00016430

IF

KF*O

THEN IF

KA=O

THFN 00016460

BEGIN

0u016470
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TDLISTTKCUTDLIST[KC]+ 1 00016490
END

ELSE

00016500

ALTERSII,4]*S) 00016550
END

FOR

IJ 00016560

FORI!

NFEATURES no TFE A T r I ] * XEE AT [ I ) ) 00016570
ALTX*A!

LASTALUI

! 00016580

ENO LOOKAHEAD!

00016590
00016600

COMMENT

SETATTACK PREGENERATES AMDATA

INFO

AND

STORES

IT IN

PAMOATA FOR

00016610
AN ENTIRE

ATTACK, USED

DURING TRAINING A tu D COMPARISUN RUNS) 00016620

PRUCEOURE

SETATTACK; 00016630

REGIN

00016640

COMMENTSET

UP AM

UEFENSFS

IN PAMDATA

FOR

ENTIRE ATTACK) 00016650

INTEGER

L.I.J.K) 00016660
AMIND4O) rtIRATT*!) 00016670
FORII 999

OR

00016680

BEGIN

00016690
PERIOD*!) 00016700

FOR L*CURATT STEP

1 UNTIL NAM

DO

IF ATT«CK[L,I]< 0J016710

PERIOD

THFN 00016720

BEGIN

00016730
AMI ND4AMINTI4I ) 00016740
GENAMDATA(ATTACK!L,I],ATTACKtt, 2J.ATTACK(L,3I, 00016750
AT!ACKrL,4!,ATIACKrL,S), ATTACK! I, 6], A TTACK[L, O)OOOI

676O

,

FULL,

FALSF) ! 00016770

FORJ

NAMDATA

DO

P AMU TA [ A M IND , J ] 4AMO A T A ( L A

S

TPRU W , 000 1 6 7 00
J)) 00016790

PAMOTATAMINO.

OI4JF NDDEFENSE THEN 2 ELSE IF OoOlftßOO

NUTGT

THEN 3 ELSE IE

TOOLATf

THEN 4 ELSE 1) 00016810
K4AMDATA! L'.STPROW, 7) ) 0.J016820
IF

K*o

THFN 00016630

BEGIN

00016840
AMIMP*AMIN[i*I ) 00016650

FORJ

NAMPATA

DC

PAMDT A ! AM I N

O

, J] * AMD A TA [ K , J J ) 1Q016860
AMPATA[K ,O)4O 00016870

END) 00016680

AMOATAt

I .OI*O) 00016890
END

ELSE

00016900

BEGIN

00016910

END FORI) 00016950
PERIDO4MAXAMDT4OI

AMFLAG*

TRUE ) CHRATUI) 000169b0
AMIND*O) 00016970

END SETATTACK) 00016900
00016990

COMMENT

START OF

MAIN

PROGRAM,

00017000

VARIABLES

ARE INITIALLED.

ENVIRONMENT

DATA

IS

RFAO IN AND STOP"000 170 1 0

EO.

PARAMETERS CONTROLLING THE RUN ARE

SET

AND THE

FIRST ATTACK

00017020

IS

ENTERED.

THIS WORK TS

PPNF

FROM

HERE

TO

LABFL NEXTPERIUO) 00017030
TME*T IME( I )) 0001 7040
HFURISTIC2*HEURISTIC3*HEURIST!C4*HEURISTIC7*St)OK* 00017050
HFURI STICB*FALSF) 0u017060
RFPEAT*TREPEAT*CYCLF*SAVECYCLF*NoMGRPS *r,RPCUTOFF*O) 0001 7070
PACIN4FALSE) REWINDr

PACDT

AF , ) RE WINO(P A

C

I) MsF ) ) 00017080

ARC

07250

ARC

07250

ARC

07250
ARC07250

ARC

07260
ARCO727J
ARC07270
ARC07270

ARC

07270
ARCO72BO

ARCO72BOARC

07290

ARC

07291

ARC

07291

ARC

07292

ARCU73OOARCO73OO

ARCO73IO
ARC07320

ARC

07320

ARC

07330

ARC

07330

ARC

07330

ARC

07340

ARC

07340

ARC

07340

ARC

07350
ARC07360
ARC07370

ARC

07370

ARCO73BOARCO73BOARC

07390

ARCO74OO

ARCO74IO

ARCO74IOARCO74IO

AHCO74 10

ARC

07420

ARC

07420

ARC

07420

ARCO743

0

ARC

07430
ARC07430

ARC

07430

ARC

07430

ARC

07440

ARC

07440
ARC07450

ARC

07450

ARC

07460
6RC07470

ARC

07470

ARC

07471

ARC

07472

ARC

07473

ARC

07490

ARCO7SOOARCO7SOO

ARCO7SOI

ARCO7SIO

ALTERST

I ,KF. ]*0) 00016480

I

BEGIN

00016510
KU*DMLOCO[KB,KC*3]*DMLOCO(KB,KC*3]*II 00016520
IE XD= l THFN

CLE

ARHITCDMVQIDIKC 3.KB)! 00016530
END) 00016540

CURATUL!

14099) 00016920
END) 00016930

IF L = NAM4I THFN

UlOOO

00016940
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REBUILDPAC*!

A| tf ) 00017090

ARC

0 75 10

ARCO

7 5 2 0

ARC

07520

ARCO

7 5 2 1

AKC07522

ARCO

7 5 3L

AHCO

7 5 4 0

ARC

07540

AKCO

7 5 5 0

ARCO

7 5 5 0

ARC

07560

ARCO7S

6 0

ARCO

7 5 7 0

ARCO

7 5 7 0
ARCO7SBO
ARC07590

ARCO76OOARCO

7 6 10

ARCO

7 6 2 0

ARC

07630

ARC

07640

ARCu

7 7 40

ARCo

7 6 5 0

ARC

07650

ARC

07660

AHCU766O

ARC

07660
ARCO7ft7O

ARCO7

ft 6 0

ARC

07660

ARC

07660

AKC07660ARCO

7 6 9 0

ARCO?ft9OARCO7ft

9 0

ARCO7ft9OARCO77OOARCO77OOARCO77OO

ARCO

7 7 1 0

ARCO77IOARCO

7 7 2 0

ARC

07720
ARC07720
AH ( i)77 30
ARC07730
AHLo 7 7 4 0

ARCO7

740

ArtCo

7 7 4 0

AHCO

7 7 4 0

ARC

07751

ArtCo

7 7 5 1
ARI.O 7 7 5 1

AKCO

7 7 5 1

ARCo

7 7 5 1

ArtCo7

750

ARC

07750

ARCO

7 7 5 0

ARCo77t,OARC

07760

4RC0777U

APJWATt.NEWWATE*!

F AR M N('. * 1 SAVE*hnUKI«RnPK?*HEIiRISTICI4 00017100
HE UR I

S

T

ICS4f

AI

SF

! 0001 7 110
HEUR

IS

T

ICft4Hf

ui;ts T

IC9.Pt

URI

ST

ir 1040UT14PnT24I,UT34PuT74

OUOI

7 120
FALSE! ANSWER*ANSC.nMB*ANSWAS*RSEED*BPAC*F ALSI : 00017130
MTNATT4I; E VAI

CNT*SURFVALCNT*O!

CUIjATT*!) 00017140
maxAMD

I*o

; maxpr w I 00*60) nPalpm',.-p; N3*3) Roo 17 150
P

ACD

IAN34TUT V ALHF 4Am | i|p4o; AMFI.

AG*F

A I

SF

.1 00017 160

FORK

NT7PF-1

OP

SETPNFS(UMVfl I 0 T X ]) ! 0u017170

SI

. TR IT( AL

TERSONF

. 1 7 1 : 00017160

PERIOD*

Nl) 114 UAM*N°»r*NPACI)TA*AMDET*AMNBW4OI 00017190
ACTIVE IMDF X499! 00017200
RE ADtDATA IN,

/. MSC-R.NSPR.N

fYPT.ESTOTAM
MI

NTGT

VAL ) )
TDMPRUU.DESTPROB, 0u017210

RLPORIS

HE AIM DA IAI N

INO

T , J,l"l)Di. ) [

PRPOFSSI

)
IF

COPE="T

" THEN GENTARGETS.I
IF

COPE="SP

" THf N GENDMSPEC)
IF CUDE="TI)M" THFN

SLNTILIST.:

IF

CUDE""PM

" THFN GENOMLOCO)
If cuDt = " A m '" thin

RENATTACiO

I SETHEUR)

GO

TP

REPORTS

END)

IF CODE 1"

ENO"

THEN

BEGIN

RLAD(OA T A IN ) ) GO TP PROCESS

ENDS

REA[)(DATAIN,7. I

.FORI

1 NFIATURES DO
GU TU HEPORTS

I 0001 7400
0001 7490
0001 7500
00017510

REAIMDAT AI M, /, ! ,FURI 1 NFFAfUR.ES 00

GU

TU REPORTS
PFPWATtri))) 0 v 0 1 7 5 2 0

0 o 0 .1 7 5 3 0
00017540
0001 7550
0001 7560

REAIMDAT AIN,/. I .RSFEP)) GO T3 REPORTS
END)

0001 7570
00017500
0001 7590
0001 7600
0001 7 6 1 0
0001 7620
0001 7630
0001 7640
0 0 0 176 5 0
0001 7660
0001 7670
0001 7600
00017690

PEAOtOA | AIN) J

COMPARUN4TRUE;GO REPORTS

I READ(DA!AIM,/, I, I,

CYCLE,!,

REPEAT))
TRAINING,CYCLE, 2,REPEAT, IO")

COMMF

NT

SAVECYCLE4CYCLE

)
IF

REPfATMO

THEN LSAVE4I.EARNING«-TRUF)

IF

CUPE="OHII"

THEN

REGINREGIN

00017300
READtDAT A IN, /, 1,1 , I .NUM..RPS.K .K.FORJI < DO INTCIJ])) 00017310

COMMENT"GROUP.

I ,0E

.MUMGRPS. X,

SITES. I.4,

ETC";

Oo()17320

EURJI k |)(| GROI|PS[ IN t:[ Jl ]<■ I : 00017330

GU

TU

REPORTS

0001 7340
FND) 0001 7350

IF

CUOf="PAC"

THEN PLAUSIBLE) O.)017360
I F

CUOt

="HtU" IMF. N

OOU

I7 370

BEGIN

00017360

IF OUI)E= "w A I " THEN

BEGIN

end;
IF

CUDE="CUM"

THEN

BEGIN

end;
ie cude="ran"

thfnBEGIN

IF

CUOE="CUM"

THEN

BEGIN

FND)
IF

CUDE="TKA"

THEN

BEGIN
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1

1,1 �,-,,.

r e ; 000l77J0 AI,CO 7 7 7 0
Ai<( 0 7 7 70
AR ( 077 8 0
AR( H7 71-0

ARC.

7 760

ARC

07 790

ARC

07790

ARCO

7 8 0 0

ArtCo76ooARC

078 00
ARC) 7 POO

ARCO

7 6 P 0
ahc 0 7 c 1 0
AR C 0 7 6 10
A11(o 7 6 1 0
ARCO7B2O

ARCO

7620
ARC07620

ARC

07P30

ARCO

7 8 i0

ARCO

7 6 i 0
AP (. 0 7 .'" 3 0

ARCO

7 6 3 0
AR(,O 7 6 4 0
AR 1:0 7 f' 4 1

ARCO

7 84 1

ARCO

7 84 1
AR C) 7 6 42

AHC078424KCO

7 6 42
A„

C

v 7 1- 4 3
ARC) 784 3

ARC

07843

ARCO7PSO4NCO

7 f 5 0
AR

CO

7 Pftt
Art

CO

7PoP

AKCO7B7OARC

0 7660
ARC,7 6 9o
ARC) 7 900

AHCO79OO

A R

C

0 7 9 10
Artoo 7 9 2 0

ARI.O

7 9 2 0

AKC07930ARC

07930
Art

C

o 7 <i a 0
Ar(:0 7 0 5 0
AR C, 7 9 5 0

IRCU7

9 50
Aft

CO

797 0

ARCO79

6 0

AHCO

7 9 7 0
Ahl.o 7 V 7 o
am 079 70
AR (. 0 7 4 »- O

ARCO79ftOARC

0 7', 9"
AHi o 7-.-..,

ARCO7

990

000 1 77 1 0i NP)

if '-i|P, '■" PIP" THFN OpO l7 7 20

BfC, IN OoO) 7 7.i0

�f'.■,

( i .-. I.i i "■■ i : " n n ■■ '.T - i - : 0 00 1 7 7 4 0
,-. ■ i t i of p o. [. 000l7750

�

,-, i

�,

000l7 700
Pt

Rii!lPPAC*truF

; �i �,;(

pat,,

j ,., ) : 0u017790
GU TU Of

PORT'

000l

7HOO

BEGIN

0 0 0 1 7f. v 0

f OR T

O'lO

Oil 000l7940

BEGIN OuOl

7 0 3(1

BfC, IN Poo 1 7 9 30
Rt AIM .1/ T A 1 " 1 pi 1 , .' . I ) 1 1 NPPFRUN ) I 000 ! 7990

I 10 STARTNE« P"fl "■ I I M

POOl

6 0 0 0
END 00018010

t no; poo 1f 021)

PRUCESS

!

BEGIN

0 0 0 1 8 04 0
CUMMENT

1 n t t r, f r
This pseudo block sets up

iaolfs.

ouoleoso

FUR I

NTYPC-1

PP =■ i

JKCrtARsr OM'/nltM

I] . SDMVt IT, 1,

1,6

) ) OuOleOoO
FUR!

NTOLIST

PP OLTSTUUTPI ISTtl]! X* 1 ) 00018090

FORI!

MUM UP FOR Jtl SfEP 1 UNTIL NT V P .. 2 DO SDLOCO ( K*0o0 1 6 100
X

t

1 1 4!i'H iifill T . J ) I 000181 10

CUMM

E M I

SA

V I TGT VALUE" I'"' AMP T P" INITIAL mis, IFF 00018120
FUR 1 1 n T

!,

t n p sa.<lini(ll,lsr i. c« ' 1 , ft T : 00 0 1 8 130
X 4N | G T ! J 4NPM4NOM4I) 0 0 0 1 6 1 4 0

ru<;,

j -ip

SAVE

INF!k*k* 114

sPLiU-CO!

I 1I 0, ,018130
X*NTGl*ji 0001 81 00
EUR;,

Nil,

I IST 00

S

AVF IMF ! K4K +1 1 4 TDL

IST

! I J I

PoOlftl.'o

If

PAC

IN 1 HFN 000 1 6 1 00
MEG IM 00018190

(f)MMtNI kFT 11° AM-til II .111) )M|.1.102J

OUOIB2OOR.i.i;

fiipyt MftM op 1-iu.ri It'll Ouolb2lo
I

WOCUrt*

1 HP) -

■

1 ) -.1 : 000

162^0

1 UR I 1 NP Af Po Out) 182 10

1 1.

�

-, O.)0182 4 0
t*-nmrr T A v 1 , 1 : N)*N 3 4 4 : KA4DACPTAN3) 000 162'J 0

FUR

J*KF

s T F J 1 nil it pn

l'Tri,;-kt

)*P

ACDMS

[J ) 000 1 0260
: k ft

»

/ft -KE '■ 000 102f :)

f. .. , , - 1, ouol 8 2 0 0

„i

-, ; , 000 I

62-/0

- , 1 »' -■

,' ,1

1 : 000, 6 300

i

,in

: 0,,0 17 1 oo
i

�

- "i.- t n" fHf.N 000 177 7 0

i N ft ; 000l76,0

I imi ="Rll\|"

T..,

. 000l7820
<f ,- |N 000l73 30

Pt.

ADCOAI

AIM,<X7,S ft-,-,,|1|0) 4 |)1 him

TOl

! 1) i P„017 ft 40
WR| TE (DAT AOUT.<S Aft

>.

FOR I 4 Pi IHlJIPrl!)! Ol)0 17850
Gil t-1 Rt pp.; ; s 000 1 7860

t fin ; 000l7ft 7 v
| f

CPU

-"All J" T,i|. J 0. 01 7POO

AUJWA It * TRU" ! '�r

-Pf,ll

I A I ' l i '. 0017900

1,11

l.i f|

POP

f S 000l7910
END! 0,017920

WR! TE ( PAT AUU I . <"II l.rr, i|

CARP CPU

",A3> ,

CTOE

) i 00017930

Of Ail (0A f A i -� A, - I'l' )' ' IPOlr "l< 1 ;

Ouoi

79 6 0
I t Cilll I -" I AS" T-P 'J PoP ,79 70

GFNTDMTGT!

IF MPT S'.P- THEN oFNSOROTA!

POO

18030

I I P l ,

OIflo

6 0
FUR [

MDMLOCO

on !MTAfIl*O)

N3*3!

OuOIBO7O
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If OCCHR( IN To . J,K,ft .6, 2 l-.l THFN 00018310
PI

GIN

00018320

IMC

■-.

CHARS

CK ,kh,6. 7 ,

■>

) ; 000 18330
1 M T A r k B .1 4 I N , A [ X P ] 4 1 ) 0 0 0 16 3 40

ENPi 00018 350
END) 00016360

tND) 000 18 370
KA*"! : KB.gflfll 00018300
FUrtll

NOM DO

00018390
HE G I N 0 0 016 4 0 0

KCHNTAfIII TE

KC<KB

THEN K3*KC) 00018410
IF KAoKC THEN KA*KC) 00016420
kND!Oo0 1 6 4 3 0

IF

KH»O

THEN X(1*1) 000184 4 0

tND

ELSE

00018460
HEP IN 00 016490

Kt*KA.i KF*99I

K*l I 00018500
FUP UKB

STEP

1 UNTIL KA 0(1 00018510

PEG

IN 00 018560
X* 2 ) KE *] 00 0 16570

END ELSE 00018580
PfGIN 0o0)659()

KF*!! T*KA 00018600
fNPI 00018610

END FORT; 00018620
tr«

IFKA;

0u0166J0

FORI!

NOM PP 00016640

THFN SFTRIT(TWQCOR.I)J 00018660END FORI,; 000 18690
PICKCHARS(TWOCOR,PACHTArO,O),I, 1.1)) Ouo'lB7ooPICKCHARSf THREF

CIIR.PACIITA!

0, 1 ), 1 . 1 ,8))

OOOU7IO

PACOTAfO,p]*NPAC) 00018720
If" RLHUTLPPAC THEN 00018730

COMMFNT SETUP

PACDTAF

AND PAcI) M

S

UN DISK) 06016730
N3* 0 !N '

tn

' l 00018761)

fURII

13 DP 00016770

BEGIN

00018780

FORJ

20

OP

00018790
BEGIN 00016800

MnvFPORD(PACnTAN3,INTC!JI)! 000 166 10

M3*NH4I

00016820
*~ N P ; 0 0 018 8 3 0

WRITF (PACDTAF , 30 , I

NTC

I« J ) ) 00018640
tNt " 00018850

ARC

0 7990

ARC

0 7990

ARCOBOOOARCOBOOO

ARCO

8 0 0 0

ARC

08000

AKCOBOOOAKCOBO2OAHCO6O

2 0

ARCOBO2OARCOBO2O

ARCO6O3O

ARCOBO

)0

ARCOBC3OARCO6OSOARCO6OSOARCOBOSO

ARCO6OSOARC

08050

ARCOBOSOARCO6O6O

AHCOB

0 60

ARCOBO6OARCUBP7OAKCO6O9O

AHCO6O9OARCO6O9OAHCO6O9OARCOBO9OArtCo

8 0 9 0

ARCOBO9OARCool

oo

ARCOOI

10

ARCO

0 1 2 0

ARCOOI2OARCOBI2O

AR

C

0 8 1 30

ARCO

8 1 40

ARCO

8 1 40

ARCO

8 1 5 0

ARCool

6o

ARCO

6 1 6 0

ARC

0 6 1 7 0

ARCO6

I

7OARCoo

1 70
ARCO6I

BOARCOoI

6O

ARCO6IBOARCO

6 1 60

ARCO

8 , 8 0

ArtCo

8 1 6 0

ARCO

6 , 9 0

ARCO

8 , 9 0

ArtCo

8 1 9 0

AKCO6

1 90

ARCOB2POARCO62

0 0

ARCO

8 2 0 0

ARCU62OO

ARCOB2I 0

ARCO62

1 0

i
I
I
I
I
I
I
I
I

I
I

I

IF KA =KH THEN KE*KF*KA*t ELSE [E KA-KB=l THEN 00018451)

BEGIN

00018400

Kt*Kß!

KC4KA4I 00010470

HEGIN

00018520
*C*o; 0 0 018530

FORJI NOM DO

If INTAfJ]<I THEN kC*KC*I;

01,018540

TF KO(K/3)xNf)M THFN IF K=l THFN 00016550

HEGIN

0U018650KA* INTA (111 00018660
It KA>KF THEN

St

TBI KTHREFCOR. 1 )

FLbf

IF KA>KE 00018670

UITP

7

fcl

U U

W 1

U f J

y

KA*29!

00018860FURII 6 np 00018670

BEGIN

0 0 016880
WRITIMPACDMSE

,*,

FUR J.-KA-29

STEP

1 UNTIL KA 00018890

DO PACP"Sr

J 1) ! 0001 6900

KA4KA.3O

01,016910



CUMMENT

CUMMENT

I

KA429) 00019070

FORII

8 Dn 00019060

BEGIN

00019090
READ(PACDM<F

.*.FOR

J4KA-29

STEP

1 UNTIL KA 00 Pool9loo

END IF

PACINi

00019160
WRITE(DAIAOUTTDHt),<"UMMPdI">);

OoO

19! 70

FORI!

NOM 00 IF

fHFKHITCTWOCOR,

I ) THEN WR I TE( 0 ATAUUT . < 000 1 9 160
I3>,1)) WRITECPATAOUTIDBM)!

2°„!?i,,!l

WRI TE(DATAOUT!DRI ] ,

<"0MMOB">"

> ) ) 000J92U0

FORII NOM DO

IF fHFKHI T(THREECOR, I ) THEN WRITE! 00019210
DATAOUT.<I3>,I)) 00019220
IF REPEAI=999 THFN FORI! NAM

DO

A TT A C K ! I > l 1 * ( I DIV 51*00019230
1) IF CYCLEM

OR COMPARUN

THEN SETATTACK) 00019240
IF WATEUT = 0 THEM 00019250

HEGIN

00019260
REAO(PACDTAF(I )) , NF f ATURE

S4

I , RE P W A TE t * ) ) ) 00019270

IF

WATFC

1 I=o THEN S°?,}?^S

BEGIN

00019360

WRITtCDATAOUT,<"WEIGHTS

ARE 2ERO">)! 0U019370

WRITEtOATAOUTIOBL]);

r

00019400
WRI TE(DATAOUT.<"!NITIAL FEATURE

WEIGHTS

".8 F10.5711 00019410

F10.5//>,FOR!I NFEATURES

DO WATEH,)) 00019420
WRITt(OATAOUT.<"TNITIAL WEIGHT

REPEATS

"'8 110/11 00019430

110//>,FURII

NFEATURES DP REPwATEII))) 00019440

END

PSEUPU

BLOCK)
TME4TIMECI) ) LPCK(PACDIAF); LOC K (

PACOMSF

) ; 00019480
]f N

AM=O

THEN

Gn TO

FINISH) 00019490
00019500

ARC

082 10

ARCO62IO

ARCOB2IO

ARCO62IO

AHCO

8 220

ARC

06230

ARCOB23OARCOB23OARCO

8 2 3 0

ARCO624

0

ARC

06240
ARCOB24O

ARCOB24O

ARCOB24O

ARCOB24O

ARCOB2SOARCOB2SOARC

06250
ARCOB26O
ARC06260
ARCOB26O

ARCOB27O

ARC'O26O

ARC

06260

ARC

06290

ARCOB3OO

ARCOB3IO
ARCOB32O

ARCOB32O

ARCOB32O

ARCOB33OARCOB33OARCOB33OARCOB34O

ARCOB3SO
ARCOB3SO

ARC

06350

ARCOB36OARCOB36O

AHCOB36O

ARCOB37O

4RCO6

3 70

ARC

06370
ARCO63BO

ARCOB39OARCOB4OO

ARCOB4IO

ARCOB42O

ARCOB42OARCU643OAHC06451ARCOB46O

ARCOB46IARCOB46IARC

08462DATA RELEVANT

TO

THE

CURRENT PERIOD IS

ENTERED AT

THIS POINI.

00019510
IT

INCLUDES

NEW AM

ENTERING

THE SYSTEM AND ANY PARAMETRIC DATA 00019520

MPvFWPRPtINTCtJI.PACPTANJ)! 00019030
N14M341 00019040

LNn 00019050

ENOJ

00019060

PACOMSTJ))!

KA4KA43O

00019110
END! 0)019120

PICKCHARSrPACnTArO.pI, TWOCOR, 1,1.6)1 0.1019 1 30
PICKCHARS(PACnTAtO.I),THREECOR. I.I.6)' 00019140

NPAC*PACDTAr

O,2, ) 00019130

000191 90

REAP(PACPTAFr,4I,NFEATURES+I,WATF(»I) 00019280
END

ELSE

IF APJWATE THEN 000192v0

BEGIN

00019300
WRITE(PACDTAFri3],NFEATURt:s+I,REPWATE(*!)) 00019310
WRITECPACDTAFT I4], NFEATURES 4 1 , W A TE T * 1 ) > 00019320
REWIND(PACDTAF)! 00019330

ENr) ) 00019340

GO TO

FINISH 00019380
LND) 01)019390

WRI rE(DATAOUT,<"TNTTTAL VALUE OF

TARGETS

I

S"

. E I 2 .

5/ //

> 000 1 9450
.TOTVALUE)) 00019460
IP PSEUnu BLOCK) 00019470
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f

NO

F

NO

Inn f i. s t
HF r, I n

tl UP PAC

OTA ANO

PArnMH FROM DISK J
N3<-0 i
F0 H I 1 13

OG

') f 0 1N
Rt An(PAO')T»F . 30, INTer *I 3 I
FUKJ ?° TT

b t (i T N

00018920
00018930
00018910
0 0018950
00018960
0 0 0 16

9/0

00018980
00018990
ouol9ooo
0 0 019 0 10
00019020



for defense

or environment control, following data rfaoin, iableoooi9s3o

AMOATA ANO ALTERS

ARE

GENERATED.

PLANNING GROUPS ESTABLISHED 00019540

ANO HOUSEKEEPING

DUNE

FOR

TRAINING If In THE TRAINING MUDE . 00019550
FINALLY, IF

HFURISIIC

H7

IS ACTIVE

HEN THE "WHI T E

S-UF

-E Yt

S

" 00019560

ALLUCATION IS SELECTED

ANP

PRANCE IS MAOC TO

SIMULATE RESULTS) 00019570

NEXTPERIOD!

pr RIUP4PERIUP41 I 00019580

BEGIN

00019590

COMMtNT THIS PSEUDO BLPCK ENTERS AHS

EPR

CURRENT

PERIuP! 00019600
LABEL INTERRE P. INTOVER.NEXT) 00019610

iNTtRREP! READtDATAIN T

NO

) , A .

CODE

) [ I

NTO

VER ) ) 00019800

)

ANSWErt*TRUEI

I. E ARN I

NU*F

AL

SE

) 00019840

FORI

10

PO

IF

LBESTCOMOt

I )>64 THEN SFTBTT! 00019850

LBESTCOMB!

I 1, '8)1 00019860

ARC

00463

ARC

06464

ARC

08465

AHC08466ARC

08467

ARCOB47OARCOB47OARCOB4BOARCOB49O

ARCOBSOOARCOBSIO

ARCOBSIO
ARCOBS2O
ARCOBS3O

ARC

06530

ARCOBS4OARCUBSSOARCOBSSO

ARC

06560

ARCOBS6OARCOBS7OARCOBS6O

ARCO&S9OARCOBS9OARCu

6 5 9 0

ARCOBS9OARCOBS9O

ARCOB6OOARCOB6IOARCOB6IOARCOB62O

ARC

06620

ARCOB63OARCOB63OARCOB64O

ARCOB64OARCOB6SOARC

06650

ARCU66SOAHC06660

ARCOB66OAHCOB66OARC

06660
ARCOB66O

ARC

06670

ARCOB67OARCOB67O

ARCOB67O

ARCOB6BOARC

06660

ARCOB66OARCOB6BOAKCOB69O

ARCOB69OARCOB69OARCOB69OARCOB69O

ARCOB7OO

ARCOB7OO

ARCOB7OOARCOB7IO

I

UNPACKt

TYPATK.

INTC

, ! 00019620
WRI rE(OAT AOUT . < X l

/"ACT

IVF TARGETS " , 3( X 2 . A 1 ) / > , FOR I 00019630
NTYPT-1

DO

INTCrI,)) 00019640
WRITE(OATAnUT,<"TIME TO PROCESS PE R I OD" , I 4 , " 1 5" . F 8 . 2 , 000 1 9650
" SECONDS"). PERTOn-1, ( T!MR( 1 )-TME )/60)) 00019660
TME4TIML(,)I WRITF(DAI

AOIIT

[ P

AGE

] )) 00019670
WR I

TECOA

I AOUTCOBI ].<"ENTFRING PER IOD", I4 > , PER I

OD

) ) 00019660
IF

BOUK2

IHFM 00019690

BEGIN

00019700

ANSWLH4TRIIE

: 00019710

FOR!

10 DP LBFSTCOMBf I ] 4

BOOKANSWF

R [ PE R I

OD

. I )) 00019720
Lf.

ARNING4ANSW»S4ANSCOMd4FALSE;

00019730

GO

TU INTOVER) 00019740
END ELSE 00019750

BEGIN

00019760

ANSWER*ANSWAS*ANSCUMB*

FALSE) 00 0197 70

LEARNING4LSAVF

00019780
END! 00 0 19790

IF

CUOE="ANS"

THFN 00019810

HEGIN

00019820
REAIMOATAIN,<X7, 11 ( A3, \3)>.FORI 10

DO LPES

T

COMB!

I] )000 19830

IF

BOOK!

THEN FORI. 10 DO

BOOKANS

WER I PER I OD, I] 4 00019870
LBESTCOMRT I ) I 00019660
WRITE(DATAO'JT.<"ANSWER

S

PEC IF IED"> ) I 00019890

GO

TO INTFRREP 00019900
END) 00019910

IF

CODE="PER"

THFN 00019920

BEGIN

00019930

REAOCDATAIN! NO

]

./.

I . I )) 0(3019940

IF

PERIOD=I

THEN 00019950

BEGIN

00019960

REAOrOATAIw

) I 00019970

GUTOTNTFBREP

00019960
end else

go

to intover) 00019990
end; 00020000
If CODL="ENO" THEN oyo2oolo

HEGIN

00020020
REAOCDATAIN) !

GO

10 INTOVER 00020030
ENDI 00020040

IE

COOE="TOM"

THEN 00020050

BEGIN

00020060
REAP(OATAIN,/.I.I,DLIST[!])) 00020070

GO

TU INTFRREP 00020000
ENDI 00020090

IE

COOE="DM

" THFN 00020100

HEGIN

00020110

REAOCDATAIN,/-.

I.

I.SDLOCOr

Ix2],SDLOCOrIx2*I))) 00020120

GO

TU INTFRREP 00020130
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ARCUB7I O000201 40 ARCOB7 I O
0 0 02 0 150

AHCOB72O

')00201ft0 A h

C

0 b 7 2 0

,1

(DATATk. /" '■ "GRPCUT.iFF ) ! 00020170
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LSAVt*LFARNIN-,*TRUE)

GU TO

INTFRRFP 00020530

ARCOBB3O

LNP! P002P540

AhC06630
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ARCO9I4OARCO9I4OARCO9ISOARCO9I 6O

ARCO9I6O
ARCO9I6O
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AND

TGTLCvr

AMOATAC ! . 3 I .4 ]<M!N
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ROUTINE
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is Inff as i rt. e"> ) 00022450
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1 ) ; 00023! 30
IF

OUT?

THEN 00023140

BEGIN

00023150
WRITE (

PATAOUT

,

<"BESTCPMR",

3P( XI ,A2)/"BLSTALT",

30C

0.j02 3 16 0
XI . A2)/>,FOPI

LASTALT

00 BESTCOMO f I ] ,FOP I FUTALT-1 00023170
DURESTALTII))) 00 02 3 1 0 0

BEGIN

00022760
RRFAKPMWUR!MALTFrtS!I,J).K.K.KP,KC)I 000 2 2770
TF K=P THFN IF TULIST[KC,=P THEN

GO

TU Lll 00022780

ELSE TOt

,

STtKC

)*TOL I

STI KC

I-1

ELSE

IF

C

HEKB 1 T ( 00022 790
DMvPIDCC ),K[))

CV-FN GO TO

Lll

ELSE

00022800

BEGIN

00022810
K4OM| PrC'[KO,KC*3 ]40ML0COrKD.KC4.31-l ! 00022820
TF

K*o

MIEN sETBIT CPMyOIPr

KC

I.KD) 00022830
END) 00022840

ALTERS!

T . 4 J*J) 00022850
Bt

STALTr

I ]4 IE J<K'< THEN ALTFRSrI.J] ELSE 0) 00022860
til

TO

ll?i

00C22870

END FOR J I 00022880
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ARC

0 9940

ARC

09940

ARC

09940
ARC09950

ARC

09960

ARC

09960
ARC09961
ARC09962

ARC

09962
ARC09962

ARC

09962

ARC

09963

ARC

09963

ARC

09963

ARC

09963

ARC

09963

ARC

09964

ARCO

9 9 7 0
ARC09970

ARCO99BOARCO99BOARCO99BO

ARC09960
ARC09990

ARC

09990
ARCIOOOO

ARC

10000
AHCIOOOO

ARCIOOOOARCIOOIOARCIOOIO

ARC

10010

ARC

10010

ARC

10020
ARCIOO2O

ARC

10030
ARCIOO3O

ARC

10030

ARCIOO3OARC

10040

ARCIOO4OARC

10040
AHCIOOSO

ARC

10050

ARC

10050
ARCIOO6O
ARCIOO6O

ARC

10060

ARC

10060

ARCIOO7OARC

10070

ARC

10070

ARC

10070

ARC

10080

ARCIOO9OARC

10090

ARC

10090

ARCI

0 1 00

ARC

10 1 00
A R

C

1 0 1 1 0
A R

C

1 0 1 10

FORI LASTALT

Dp IF AL TER

S

I I, 1 1 ]

=GHPNO

W THEN FOR J4 00023250
5

STtP

] lIFiTII 10

DO

IF

ALTERS!

I , J]=PESTCUMB[ I ) 00023260
THEN 00023270

HEGIN

00023260

RESETGPP

00023290
END

ELSE

IF

ALTERS!

I ,J]=O THEN 00023300

HEGIN

00023310
AIIEPSrI.JHBESIcOMBri]) 00023320

RESETGPP

00023330
tNO) 00023340

FORT NFEATURES PO

TFEA Tf I ]*FE A T URFII! I 00023350
ALT

X4LAST

ALT )

GRPNOW*GRPNOW*

I ) GO TP 021 00023360

ALTX*ALTX-1I

GU TO

D200023460

KB*s)

FLIP*TRUE

00023500
END) 00023510

KE*ALTERS!

AI.TX.KA ] ) 00023520

ALTFRSI

ALTX,4HKA) 00023570
IF NUI

FFAS

THEN

GO TO

DFEAS

00023560
END

ELSE

00023590

BEGIN

00023600
BREAKDHWOROIKO,KF,KF,KF» KG)) 00023610
IF

CHEKRITCOMVUIDCKG

I.KF) THEN Gp

TO DFEAS

00023620

IF

FLAG

THEN 00023730

BEGIN

00023740
T*TGILCVtAMDATA[ALIERS(AtTX,O)»3].4II 00023750
TEE AT T9)*TFFATr 9 ]-T)

FLAG*EALSE

00023760
ENDI 00023770

MULKWATt.TFEAT, TV?, I, NFEATURES)) 00023780
TV! *TFEAI [4] ) T V * 1 F E A T( 3 ) ) 00023790

WRITECDATAPIJT

.<! 0 F10.4

/>,FORI

NFEATURES 00 00023190
INPFEATfII)! 00 023200

END! 0 0 023210
GRPNUW*O; 00023220
IE ALT X < 0 THF'K IF ',RPNOW = NHMGRPS THFN

GO

10

OFIN

ELSE 00023230

BEGIN

0)023240
D2!

END'

000233/0

IF ALTE

RSI

AL TX, 1 1

1/GRPNCw

TFIEN 00023360

BEGIN

00023390

ALTX*ALTX-i;

C,U

TO

02 00023400
ENDI 00023410

KC*ALTERSf

ALTX ,21; KA*ALTERSIAL T X , 4 ] ! 0.1023420
IF

KC<KA

THEN KC*KA) ELIp*FALSE) 00023430
If

KC=5

THEN 00023440

BEGIN

0l)O23450

ENO) 00023470
IF

KA<KC

THEM KR*KA+I ELSE 00023480

BEGIN

00023490

021 I KD*ALTErtS(

ALTX,KP

1 ! 0u023530
IF

KD=O

THEN 00023540

BEGIN

00023550

ALTERS!

ALTX,4HKPS SEI.ECTTDM) 00023560

ENDI 00023630
IF

KE=O

THFN 00023640

BEGIN

00023650
Ft-

AG*

T(RDF ;

GO TO

D300023660
ENO) 00023670

If KE<»4 THFN 00023600

HEGIN

00023690
SELECTTDM)

GO

TP D3) 00023700
END) 00023710

ALTERS! ALTX, 4]*KR) E V ALU A T F

C

K A»K B ) ) 00023720031

12*4-



125

IE

HEURISTIco

THEN TVI*TV3*O) T F I a Tr o ] 4 t v 2 ! 00023800

ARC

10120

ARCI

0 1 3 0

ARCI

0 1 3 0
ARCI 0 1 3 0
ARCI 0 1 40
AHCIOI

S

J

ARC

10160

ARC

10170

ArtCl

0 1 8 0

ARCI

0 1 9 0

AKCIOI9OARCI

0 2 0 0

ARCI

0 2 0 0
ARCIO2OO

AHC

10210

ARCI

0 2 1 0

ARC

10220

ARCI

0 2 2 0

ARC

10230

ArtCl

0 2 4 0
ARCI 0 2 40
ARCIC2SO

AHC

10260

ARCIO

2

ft

0
ARCIO26O

ARC

10270

ARCI

0 2 8 0

ARCI 0 2 8 0

AHCIO29OARC

10290
ARCI 0 3 0 0

ARCIO3IOArtCl

0 3 ! 0
ARCI 0 3 2 0

ARCI

0 3 2 0

ARCI

0 3 2 0

ARCIO33O

ARCI 0 3 4 0

AHCI

0 3 4 0

AHCIO3SOARC

10360

ARC

10360

ARCI

0 3 6 0

ARC

10360

ARC

10370

ARC

10380

ArtCl

0 3 6 0

ARCI

0 3 8 0
A R

C

1 0 3 6 o

ARCI

0 3 6 1
ARCI 0 3 8 2

ARC

10363

ARC

10364
A. rt

C

1 0 3 8 5

ArtC

lo39o
ARCIO39O

ARCIO4OOArtCl

0 4 0 0

ARC

10400

ArtC

lo4 l o

ARC

104 1 0

TF

ANSWER ANO NOT ANSWAS

THEN 0(102 38 10

BEGIN

P0023820
LAB E L [1) P 0 0 2 3 83 0

FORT LASTALT DO

IF ANSINDEXCIJ/ALTEPSCUA] TH E N

GU

0002 38 4 0

TO

LI) ANSWAS.-ANSCOMB*TRUE) 0002 3630
LI END) 000 2 386 0

IF NOT

HEURISTIC

''tlttl FOR! Nf"EAT|iRFS Pfl PFEATCIH 00023870
Tfl A T [ I )

ELSE

Tf-

ANSWER OR

LEARNING THEN

PACE

V AL

ELSE

0002 3 8 o 0

PACEVAI

F 00023900
1 F

ANSCOMB

THI N 00023910

BEGIN

00023920
FUR!

NFEATURES

P(l LP!" F A TIIRE !I)4PFF A f ! I ) : 00023930
A N

SCUM

R *r A I S E I 00023940

IF TVHVI THEN

GO

TU 04) 00023960

D 4I FURI

NFEATURES

DP PEE A TURE [ I ) *PFE AT! ! ] ) 00023990
V)*TVliV?*TV?;v3*Tv3) 000 2 40U0
FURI

NFEATURES

P n FF A 1 l)Rr [I I*TFEAT

CI

] ) 00024010
FURI

LASTALT

1)0 0.)024 020

BEGIN

0 0024030
KB4AITFRSrI,4I) 00024040
KA*HESTCOMRm*A|. IERSrI.KOI) 00024050

BESTALT

[ I ]4 TF K P< AL

TERS

! I , I ] THEN KA ELSE 0 00024060
END) 00024070

IF

OUT?

I HEN 0l)0240o0

BEGIN

00 024090
WRITE! DAT APUT,<

"BESTCOMB

",3OCXI.

A?)/"BESTALT", 3O( 00024 100
XI, A2 )/>,FORI

LASTALT

DP

RES

T

COMR

( I] , FUR I FUTALT-1 00024110
DU BESTALT!!!)) 00024120
!))) 00 024140

END) C0024150
05! IF

LEARNING

AND ME X T AL T

SF

IU ALT THEN LOOKAHFAD) 00024100
IF FLIP THEN AI.TY4ALTX-1 ELSE AL

TX*LAS

TAL 1 ! 00024170

GU

TU 02) 00024160

OFEAS!

KB4IEKB<KCTHENKP4!ELSES) 0002 4 190
IF'KHsKATHEM

0o024?00

HEGIN 01)024210

ALTX4ALTX-1!

SO TO

D2! 00024220

DFIM

COMMt

NT AT

THIS

POINT THE

ALLOCATION HAS

BFEn

SELECTEP.

TF

THIS

IS

NOT A0oO24?o0TRAINING

RUN THEN THE NEXT

SECTION IS SKIPPER

AND RESULTS

S

I M(J - 00024290
LAMP OTHERWISE IF THE ALLOCATIUN AND KEY ALLOCATION DIFFER (IE 00024300
PFEATURE ANU LPFEATURE GIVE DIFFERENT DECISION FUNCTIUN VALUES) 00024310
THE FEATURE

WEIGHTS

ARF ADJUSTED ANU THE DECISION

ROUTINE

REPE A T

OoO2432O

IE

ANSWAS

ORCLEARNTNG ANP NF X T AL T

SF

1XK A L T ) THEN 00024340

BEGIN

00024330
IF

HEURISTIC*

THEN

LVI«IV3*O F.LSF

00024300

HEGIN

00024370
I. Vl* LPFEATURE 14); 0002 4 300
I.V3*LPFF ATURFI 31) 00024390

E NI); 0 o0 2 4 4 o o

IF VKTV! THE I- K*K ELSE If TVI<VI

OR

TV?+P-5<V2 THEN 00023890

ENO) 00023950

TF Vl< 1 V 1

OR

V2<TV2+P"S THEN

GO

ro OS) P0023970
IF TV2 <V 2

OR

TV3 < V 3 THFN

GO TO

04

ELSE

GO

TO

IJ 5) 0 I.)023 9 0 0

WRITECOATAOUT,<IO

FIO.A

/>,FORI

NFEATURES OO

PE E A T

COoO

2 4 130

END! 00024250
IF KB = S THEN FLIP*TRt)f;

GU

TU 02!) 00024240
IF

ANSWER

ANP NOT

ANSWAS

THEN WR I TF(

O

A T

AOUT

, < 00024250

"ANSWER NOT

FOUNP">)) 0.)02 4 2 60
0002 4 2 7 0

ED UNTIL THEY

AGREE

PR HE PE AT= T REPF AT I 00024330
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I

MULTC

«ATf.l P F FAT,J

Rt.L'/

2. [.NFEATURES)!

Oo

0244 10
LPFEATIIRFIP I*l V?) REPFLAiMFALSE; 00024420
If V2<LV2 THEM 00024 430

HLGIN 0 0024440
NtWwATF4TRI'E ! 00024450

FORI! NFEATURES

PE) 00024460

HEGIN 0U0244/0TA*PFEATUREr

I]) IR4LPFEATURF! I] '" 00024480
XWATET 1 I*WA TE t I lx( If AB

S

( TA ) <«-5 THEN If A85C00024490
TB)kB-S THEN 1

FLSS

M TB<o THfN 2

ELSE

.5 00024500

ELSE

IF ARSCIR)<P-5 THEN IF T»<o THEN .5 00024510

ELSF

2

FLSE

IF

TA<O

THEN IF TB<o THEN TB/TA 00024520
ELSE TH/CTB-TA)

EI.SE

IF TR<P THEN (TA-TBJ/TA 00024530

ELSF

TA/TB) 00024540
LNP! 00024530

FURI!

NFEATURES DO

00024560

BEGIN

0U024570
TR*XWATF!I]; TA*WATE[IJ) 00024560

REPWATE( I )*KA 00024600
END) 00024690

END FORI) 00024700
00024710

COMMENT

AT

IHIS POINT

INITIAL ADJUSTMENTS HAVE BEEN MADE.

NOW

CUNS I STENC

OoO2472O

V

IS CHECKED ANO

EINAI

ADJUSTMENTS

MADE) 00024730
TA4XWATE!!!! TB4XWATFC2)) 00024740
TC*XWATEI3I) TD*XWATEI4I! 00024750
IF

TC<TA

THEN TA*TC*(TA*T. )/?! 00024760
IF TB<TA THEN TA4TB*(TA*TH )/?! 00024770
IF

TD<TC

THFN ID4TC) 00024700
IF TD<TB THEN lU4TB) XWATEtI)*TAI P0024790
XWATEr?]*TB) XWATET3HTC)

00C24800

XWATE[4I*Tn) TA*XWATFrS!) 0 0 024610
TB*XWATET6I) T

C

* X W A TEI 7 ) ) 00024820
TU4XWATErB!) 00024830

ELSE

TA*TB* (TA4IB)/2l 00024920

TB4TC*(TR + TC)/2) 00024950
IF TAsTP THEN TA*TB) 00024900

ENO) 00024970
xwate(9]*ta; xwate r iohtb; 00024900
XWATF! 1 1

I*TC

i TA*XWATE( I2))

000249*0

TH*XWATEI I >I ! 00025000
IF TB<TA THEN TA*TR*(TA*TB)/2! 00025010

ARC

10410

ARC

10420

ARCI

0 4 3 0
ARCIO43O
ARCIO44O

ARCI

0 4 4 0

ARCI

0 4 4 0

ARC

10450

ARCIO4SOARCIO46O

ARCIO47OARCIO47OAHCIO4BO

AKCIO4BO
AHCIO4BO
ARCIO49O

ARCIO49O

A R

C

1 04 9 0

ARC

1 0490

ARCIOSOOARCIOSOOARCIOSOOARC

10510

ARCIOSIOARC

10510
ARCIOS2O

ARC

10520

ARCI

0 5 2 0
A R

C

, 0 5 2 0

AKC

10 53 0

ARC

10531
ARCIOS3I
ARC10532
AHCIOS4O

ARCIOS4OARC

10550

ARCIOSSOARC

10560

ARC

10570
ARCIOS7O
A h

C

1 0 5 8 0

AHC

I

OSBOArtC

l osBo
A R ( 1 0 5 9 0

ARC

10590
ArtC lo6oo

AHCIO6IOARCIO6IOARC

10620
ARCIO62O

ARC

10630

ARC

10630

ArtC

lo64o

ARC

10640

ARCI

0 6 4 0

ARC

10640

ARC

10640

ARC

10650

ARCIO66OARClOftftOARCIO66O

I
I

I
I

I

I

KA*REPWATEt

I ] J 00024590
If TA =TB THEN RE P W A TE ! I ] *K A * 1

ELSF

00024600

BEGIN

0oC)24610

IF

KA>lO

THEN KA4IO) T4l/KA) 0..024620
TC4(LV2-V2)/V2) 00024630

!FTPKT!HENI*TC;

00 0 24640
IF

TK.PS

THEN T*.os) 0U024650
XWATF! I ]*TxTH+( ] -T)xTA) 00024660
KA*CKA DIV ?)*!! 00024670

If

TA<TC

THEN TA. I ,-4(TA*TC)/2! 00024640
IF TR<TA THEN lA4 IO4(TA +TR)/2) 00024650
IF

TD<TC

THEN TC4TP*(TC+TD)/2) 00024860
XwATE

TSHTAi

XWATET6HTB) 00024070
X.wATFr7]*TP; XWATETB]*TO) 00024880
TA*XWATEr9I) TB*XWATEf IO)) 00024890

TC*XWATE!I

1 I ! 00024900
IF TA<TP THEN IE

TB<TC

THEN T A *TB*

TC

* ( IB+TC )

/2

00024910

IF

IB<TC

THEN 00024930

BEGIN

, 00024940



I
I

XWATEII2I4TA! XhAHf I3HTB) nnn2sn^o

TC*XWATF

t I4]! !B*XWATEI IS] ) 00025030

Tf TA<T R THEN IE TP< T

C

THEN TA*TR*TC*(TB*TC)/2 00 025050

FLSE

TB4TA4(TR4IA)/2! 00025060

WRITE (PACDTAFf I3),NFFATURES*I,REPWATEI«])) 00025180
WRITE(PACOTAFtI4],NEFATIIRES*I,WATEI*I)) 00025 190
C(JMROOT(LBFSTCOMR,I)I P 0 023200
WRIT£(DATAnUT,<tO

FIO.4>,FORI

NFEATURES

DO

00025210
LPFF.ATIIREr T] )) COMfIOI)T(UESTCOMR,2) i 00025220

PFEATURE! I 1) I WRITECOATAOUTtDPt.])! 0025240
WHITE(DATAOUT,<"NEW WE 1

GHTS",

X8, 6 F10.5/11 F!0. 0..025250
5/>,FORII

NFEATURES DO

WATE!I))I 00025260

END ELSE 00025320
00025350

BEGIN

00025330
FURII NFEATURES

DO

REP W ATE t I ) *RE P W AT E ( I) + 1 ) 00025340
WRITE(PACI)TAFM3),NEEATURES+I,REPWATEI*))) 00025350

END IF V?) 00025360
00025370

ARCI O67O

AKCIO6BO
ARCIO66O
ARCIO69O

ArtC

1 0690

ARCI

0 7 0 0

ARC

10700

ARCI

0 7 0 0

ARCI

0 7

C

0
ARCIO7OO

ARC

10720
ARCI 0 7 2 0

ARCI

0 7 J0

ARCI

0 7 3 0

AHCI

0 7 3 0

ARC

10740

ARCI

0 7 5 0

ARC

10/60

ARCI

0 7 7 0

ARC

10760

AHCI

0 7 9 0

ARCI

0 P 0 0

ArtCl

0 8 0 1

ARCI

0 P 10

ARCI

0 6 2 0

ARC

10830

ARCI

0 P 3 0

ARCI

08 3 0

ArtC

loB4o

ARCIO

P. 4 0

ARC

10850
ARCIO6SO

ARCI

0 8 5 0

ARCIO66OARCIOB7OAKCIOBBOARC

10890
A rt

C

! 0 8 9 1

ARCIOB9IARCI

0 9 0 0

ARCIO9IO

ARC

10910

ARC

10910

ARCIO92OARCIO92O

ARC

10930

AKCIO94OAHCIO94OARCIO

9ft 0
ARCIO96O

ARCI

0 9 0 0

AHCIO99OA«C10990ArtC

l looo
AR

C

1 1 0 0 0

ARC

1 1 020

ArtC

l lo3o
ARCIIO4O

ARC

1 1060

ArtC

l lo6o

ARC

1 1070

COMMENT OECISION

ROUTINE COMPLETE,

WRITE ALLOCATION AND FEATURE VALUES) 00025400

EVALCNHEVALCNT

+ SUBFVALCNT) . 00025410
IF

OUT

7 THEN 00025420
BEGIN 00025430

IF

LEARNING OR ANSWER

THEN

COMBOIIT

(LBE

ST

COMB ,1 ) > 00025440
CUMBOUTCBESTCOMH,?) 0002 5 4 5 0

END) 00025460
WRITE(DATAUOT,<"NUHBER

OF

EVALUATIONS WAS", HO, 00025470
"

TOTAL

EVALUATIONS

TO

" ,"TH|S

POINT

IS"»I10>» 2S2II?SS
SIIREVALCNT.EVALCNT))

S

URE

VALC

NT

*0

) 00025490

WRITECOATAUUT,

</"FFATURE VALUES! CUND

CUNDA

CT", 00025500

"UNO

C r UNI)A TLUND TIUnDA TLOmE TLONEA AMZERO AMONE AMTWO

",00025510

OMMOBI

0MM00?"/Xlft, , 3 F8.?./ Xl

6,

DBALQ PBAI H DBALT DBALA SOLEDM SULDMA" /, X 1 6, 00025530
13 F6.2>.FURII NFEATURES

DO

PF E A TURE [ I ] ) ) 00025540

IF ANSWER THEN

FORI

FUTALT-1

PO

BE STALT

C

I ) * < I F ANSINUEX! 00025570
I]<ALTERS(I>tI THEN LBESTCOMHfI)

ELSE

0)) 00025500
GotO

SIMRESULTI

00025590
SIMRESULTI COMMENT SIMULATE THE

RESULT

UF CURRENT

PERIOD

DM SELECTION) 00025600

BEGIN

00025610
00025620LABEL L!,L?.L3.L4,L5.L*;

TA*XWATF r l6) I TD*XWATE(I7J) 00025040

IF

TB<TC

THEN 00025070
BEGIN 00025000

TB4TC4CTR4TO/2)

000250*0

IF TA<T« THEN TA4TP 00025100
tND ; 00025110

TF TPsTA THEN TD* T A ) XWATE!I4]4TC! 00025120
XWATEMSHTR! XWATE(I6]*TA) 00025130
XWATF! 17HU1I TA*X.l ATE 118] ) 00025140
TEMXWATEriO]! 00025150
IF TB<TA THEN XWATF! IBHXWATEr 19]*(TA♦ T B )

/

2 ) 00025160

FORI

NFEATURES 00 WATE I I ] *X WATE ( I] ) 00025170

WRITE! nAT

AOUT ,<lO EIO.4>,FORT

NFEATURES

DO

00025230
PFEATURE! 1 !)! WR ITEC 0 A T AOU T[ DPI. ]> » 01)025240

If RFPFAT>TREPEAT THEN 00025270

BEGIN

00025200
TREPEAHTREPEAT+U REPEL

AG*

TRUE ) 00025290
TF VI=LVI THEN

GO TO

Dl 00025300
LNn 00025310

ENO

IF

ANSWEROR LEARNING!

ENO DECISIUN ROUTINE!

8881il§8

00025520

WRITE(DATAOUT,</"V1»", 14," V? =

",FB.3>"

V 3«" , 1

,4>.

Vl , V2, 00025550
v3)j 00025500

127
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I
I
I
I

FORI

FUT.ALT-1 no 00025630

ARCH

080
ARCIIO6O

ARC

1 1 080

AHCI

I

O9OARCI

,

O9O

ARCI

IO9O

ARCI IO9O

ARCIUOO
ARCH 1 10
ARCH! 10

ARCIII

10

ARCI

1 1 1 0

ARCI

I

I2OARCI

1 1 2 0

ARC

11140

AHCIII4OARCI

I

I4OARCI

I I

3O

ARCI.

1 1 6 0

ARC

11170

ARCI

I

IBOARCI

1 ! 9 0

ARCUI9O

AR

C

1 1 2 0 0
ARCH2IO

ARC

1 1220
ARCII22O

AHCII23OARCI I24OARCII2SOARC

1 1250
ARCII2SO

ARCI I26OARC

11260

ARC

1 1260

ARCII27O

A

ft C

1 1 2 7 0

ARCI I26OARCI I29O

ARCII3OO

ARCI

I

3OOARC

11320

ARC! I32OAHC

I

I33O

AHCI I34OARC

11350

ARC

11351

AHCI I3SI

ARC11352
ARC11353

ARC

11354

ARC

11355
ARC 1 1356
ARCII36O
ARCII37O
ARCII39O
ARCII39O

ARCH

400

ARC

11410

ARCII4IOARCII42O

CDDE4"DM")KA4ALTERSrI,O); 0 o0 2 5 6 6 0
KB*AMI)ATAfKA, 1 ] : 00025670
IF KF<34 THFN 00025600

BEGIN 00025690

COOE*"TDM"I

PLI

STIKF

]*DLISTfKF ]-! ) 00025700
IF

HEUPISTTC4 OR RANOOMSTDMPRPB

THEN 00025710

BLGIN

00025720

KG*KF!

00025730

GO TO

L500025740

I
I

FIRED

UNSUCCESSFULLY

AT AM" . I4> , KF ,KB ) ) 00025760

" FIRED

UNSUCCESSFULLY

AT AM", I *> ,

KG.

KD ,KB) 0l)025840
END) 00025850

GDTUL?) 00 0 25860

LSI

LU

L2I
L6!

FURII MAXAMDT 00 IF AMD ATA

C

I ,

O

)

>O

THFN 00025920

BEGIN

0002 5 930

I L3I
TE K*o THEN

GO

10 L3) 00025990
L4I

T*TGTLCV!K,4I*IGTLCV(K,*]X(I-DFSTPROR); 00026010
WRI

TEC

DAT

AOUT. DESTTGT,

KG,

PERIOD,

KB, T).) 00 02602 0
END) 0002 6 030

END

FORI

LOOP) 00026040
IF

KASMAXAMDT

THFN MAXAMOHKA) 00026050

FND

SIMRESULT PROCFSS

OVER) 00026000

I CUMMENT

THIS

COMPLETES

ONE PERIOD!

RETURN

TS

MADE TO NEXTPERIOD UNTIL 00026100

ATTACK IS COMPLETE

THEN JUMP Is MADE

TO FINISH

WHFRE ALL

TABLES

00026110
ARE RESET

TO

THEIR PREATTAfK VALUES AND FINAL RESULTS ARE OUT PUT 00026 1 20
IF ATTACK

IS TO

BE REPFATF.D

OR

A NEW ATTACK ENTEREO UNDER THE 00026130

LEARNING

PROCESS,

THIS IS DONE

AND RETURN

IS

MADE

TO NEXTPERIOD

00026140

OR

STAPTNEWPROHLEM IF A NEW

PROBLEM

Is

TO

BE FNTERED) 00026150
GO

TO

NEXTPERIDD) . 00026160
FULL!

FINISH!

WRITE(DATAUUT,<" "/"FINAL TARGET VALUE

15",F1?.5//

00026200
"FINAL FEATURE

WFIGHTS"»B F10.5/11 F10.5//

00026210
"FINAL WEIGHT

PFPEATS ",6

110/11 I 1 0//> , F I

RVALUE,

00026220

FORI! NFEATURES

00 W A TE I I ) ,

FOR

I 1

NFEATURES DO

REP WATE( I ))

OOO2623O

I

BEGIN

00025640

KE*BLSTALTrT

I I TF KF = 0 THEN

GO TO

L?) 00025650

END

ELSE

WRITECDATAOUT,</"TDM",I4, 00025750

END

tLSE

00025770

BEGIN

00025780
HREAK[iMWORDCKF,KG,KG,KG,KD)) 00025 7 90
K*SDLOCO[2xKG+KU]*SDLOCOCKGx?4KD]-l) 0 0025600
IF K=o THEN SETBTTC

SDM

V

C

KD ] ,

KG

) ) 00025810
If HEURISTTC4

OR

RANDOM<DMSPECr 2XKO+I ] THEN

GO

00025820
TU L 5Fl

SF

WRI TE(D A TAOUT,

</"DM"

, 14, 13. 0.1025830

WRITE(DATADUT,KILLAM,KB,PERIOD,CODE,KG)! 00025870
AMDATA! KA.OHn) K A* AMD AT A I K A,7 ] ) 00025880
IF

KA*O

THFN

GO TO

LI) 00025890
END

FORI

LOOP) 00025900
WRI TE(OATAO|IT(DBL 1 )) 00025910

KA*I! 00025940
IF

AMOATAT

I,?!=PERIUO THEN 00025950

BEGIN

00025960
KH*AMDATA( !, I ]) K*l) 00025970

AMOATATK,OHO;

X* AMD ATA(K, 7 ) ) 00025980

K(i*ABS( AMDATA( 1,4) )) X* AMB AT

Atl,

? ) ) 00026000

FOR J*MINATT STEP

1 UNTIL NAM

DO

IF A T T

AC

K

\

J, 7 )=O 00026060
THEN

MINATT*J*I FLSE

J4NAM) 00026070
00026090

WRITL(DATAOUT ,<"AMDATA FULL UN AM" , I 4> , AT T

AC

K( I , O ] ) ) 00026170
FINVALUE*O) 00026180

FORI NTGT

0(1 FI NY

ALUE*F

INV ALUE +

TGTLCV

11, 4 ) ) 00026190
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1
I

)

FORII NTGT

PIT TGTLCVH,4]*SAVEINF( in) r^n^^n00026250K 4

NTGT

) J4NDM4NPP 41 )
00026260

FORII

J

OP SDLPCOr

I

I4SAVL

INr[K4K*I ] J K4NTGT+J)

000 262 70

FORII NTDLIST DO

PL T

S

T I I !

*S

A VE I NF ! K *K +1 ) ) 00026270
EVALCNHO)

SDMVr

1

HSDMV

[0] * 0 ) A MEL A

G*T

RUE ) 00026200
A U

INO*O!

CIJRATT*!) AHN() w*A MOET *MA X AMD T* 0 ) 00026290
FOR I*2

STEP

? UNTIL J PU Fnrt X

*I,l+l PO

IF SULUCOUHO 00026300
00026310THEN

SETBTTC

SPMVfK-T],! PIV ?) I PERIOP4O)

IF

CUMPARUN

THFN 00026320

REGIN

0U026330
RE Ap(DAT A IN!MOT, A ,

COPE

) ( FNPPFRUM ) ) 0002 6.340

BFGIN

00026360
REAOCOATATN,/. T

.PORT

1 NFEATURES

DO

WATEd))) 00026370
WRITLCDATAOUTrt'AGE))) 00026300
WRITLCDATAOHTfDBL],<"REpEAT OF ",5 A6,"

USING

" 00026390
"DIFFERENT WF.IGHTS">»FURI 4 DP RUNIDCI] )> 00026400
WRITL(OATAOUTrPBL],< "FEATURE

WEIGHTS

"»8 F10.5/H 00026410
FIO.S>,FORII

NFEATURES

DP WATE[I])) 00026420

GO TO

NEXTPERTUD 00026430
END 0,10264 40

ENO

IF

COMPARUNI

00026450
IF

CYCLE>I

THEN IF (NEWWATE AND LSAVE)

OR

NOT t.SAVE THEN 00026460
00026470

BEGIN

00026460COMMENT

RECYCLE

THE

CURRENT

ATTACK) 00026480
NEWWATE4E ALSE) WR I TE ( DA TA OUT !

PAGE

) ) ! 00026490

SAVFCYCLE- CvCIE4?,FORI

4 00 RUNIDIID) 00026510
CYCLE*CYCLf-1 ) BOOK2*BOOK1) 00026520

GU TO

NLXTPERIODI 00026530
END

CYCLE

BACK) 00026540
00026550IF

BOOK!

THEM
00026560

BEGINCOMMENTCHECK FOR

MORE ROOK

GAMES!

00026570
LABEL LI,L?) 00026580

BOOK2*FI AG*FALSEI

WR I T E ( P AT APuT [ P A

GE

] ) I 0 U 026590

SAVECYCLE*CYCI.EI

GO TO

LI 00026750
EN p; 00026760

REAOCDATAIN)) 00026790
IF

FLAG

THEN

GO TO

L2ELSE

GO TO

1.1 00026800

ENO

) 00026610
REAOCDATAIN))

GO TO

LI) 2US?*2*1 0
00026830L2! IF

FLAG

THEN

BEGIN

00026640

ARCI I43O

ARCI I43OARCI

1 4 40
A R

C

1 14 5 0

ARC

11460

ARC

1 1460
AR

C

ll 47 0

ARCI

I

46CArtCl

1 46

\

ARC

11401

ARC

11461
AR

C

I 1 46 2
AR

C

1 1 4P 2

ARCI

1 48 2

ARCI

1 4a 3

ARC

1 1464

ARCI

1 48 4

AHCI

1 48 5

ARC!

I

4BS

ARC 1 1 48 6

ArtCl

1 4 B 6
ARC 1 1 « 86
A R

C

1 1 4 9 0
AR

C

1 1 4 9 0

ARC

1 1500

ARC

1 1520

ARCI

1 5 3 0

ARC

1 1540

ArtC

llsso

ARC

1 1550

ArtC

l ls6o
ARCI 1 5 7 0

ARC

1 1570

ArtCl

ls7o

ARC

1 1560

ARC

1 1580
ArtCl ls9o

ARC

1 1600

ArtC

l l6oo

ARC

1 1600

ARCI

1 6 1 0

ARCI I6IOARC

11610
ARCII62O

ARC

1 1620

ARC

1 1620

ARC

1 , 620

AKCI

1 6 3 0

ArtCl

1 6 3 0

ARCI I63OARCI I64OARC

1 1640

ARCI I6SOARCI I6SOARCI I6SOARCI I66O

ARCI

I66OARCI I67O

ARCI I66O

ARC

1 1680

I
I

I
I

IF

CODE="WAT"

THFN 0u026350

WRIIE(DATAOUT,<"REGINNING

CYCLE", I3,"

OF ",5 A6//>, 00026500

Lll READ(DATAIN[NO],A,CUOE)!L2]) 00026600
IE

COOE="LAS"

THEN

GO TO

L?) 00026610
IF

CODE

= "RUN" THFN 01)026620

HEGIN

00026650
REAP(DATAIN,<X7,S

Aft>,FPRI

4

DO

RUNIDH])) 00026640
WRITE(DATAOUT.<S A6//>,KDRI 4

DO

RUNIDEI])) 00026650

GO

TU L! 00026660
END) 00026670

IF

CODE="AM

" THFN 00026660

BEGIN 000266*0

FLAG*TRUE) GENEWATT)

GO TO

LI) 00026700
END ) 00026710

IF

CODE="TRA"

THEN 2U

5?,

5^0
BEGIN 0u026730

REAOCDATAIN,

/.I.

I.

CYCLE,

I, REPEAT)) 00026740

!FCDDE="FNO"THFN

' 00026770

BEGIN

00026780
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I
I

FOR!

NTYPF-1

PO PICKfHAftSC SDMV!

I 1 .DMVOIP! I] , t , 1 ,6) ) 00026850
FUR!

NTOLIST DO

TDL! ST( I ]4OLISTC I I; K*J) P0026860
FUR! 1 NPH

OP

fPR JH

STEP

1 UNTIL N T

YP£

* 2 00

000268/0P"I.PCP!

I

..IHSPL PCP!K4K4i

i)

SETATTACK!

00026680

GO

TU

NCXTPFR'PO

00026690
END.: 00026900

FND

IFBOOK

! J 00026910
WRTT!-.(PATAOUT,<"FNP

OF

RUN ",5 A67>»FORI 4 00 RUNIOH])) 00026920
WR! rE(DATAPUT,<"F!NAI

RANDOM

NUMBER

SEFP

I S" , I 1

2/

> , PL AL ( 0U026P30
R

S

F E 0 ) ! " 0 0 0 2 6 9 40

RFAIMPA T Ai

N, A,

C'i()E irENPOFRIiN) ! 00027010
IF

CODE*

"I.

AS"

THEN

GO

TP EN PUP RUN) PC 02 7020

RFADC

RA'A IN!

NO!

, A.CnpE ) f EnOPFRUN)) 00027030
GP TP STARTNF«pro qLE--': 00027040

END MAIN

HOP' OF ARC! Coo2/050ENDOFRIIN! WRITECDATAPUTfPAGE

.1 )) 0 .) 0 2 7 0 6 0

ARCI I69OARC

1 1700
ARCI 1 7 1 0

ARCI

1 7 1 0

ARCI

1 7 2 0

ARCI I72OARCI

I 7 3 0

ARC

1 1740

ARC! I7SO

AR

C

l! 7 5 0

ARC

1 1 77 0

I
I

I
I
I
I
I
I

WRJTE(PUNCHF,<"WATE»"»6(FIO.

S,

"»")>,FORH ft DP WATECID) 00026950
WPITEt

PUNCFIf

, <7(Ft 0.5, ",")>,FPR I*7

S

T F° 1 UNTIL 0 U026960
NFEATURES OU WATFfTJ): 00026970

WPITECPUNC'it

, <"CPR,", :9( I

3,

",":>. F0R1 ".

NFEATURES

00 00026980
R r PW A T E

C

1 ) ) ! 0 5 0

269*0

WPT T Lf

PUNCH!

,<4P T2>,Fi..RI 39 PP !)) 00027000

WPTTECDA7

AUJT, <"ENP

O

r

THIS

PROBLEM":,)! 00027070
END. 00027080

ARCI

1760
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I
APPENDIX B

Table Descriptions and Input Formats

for Principle Tables used by ACTS.I
I To assist the interested reader in understanding the program, the

principle tables used in ACTS are identified and the size, utilization,

indexing, internal format and type (real, integer, alpha) are given,

followed by the punched card format of input data if the table is generated

from external information. "FREE" format on the Burroughs 85500 in

general means that each entity (name or number) is followed by a comma

and that association with identifiers is determined solely by relative

position on the list.

I

DMSPEC. The range and effectiveness (probability of destroying an AM) is

stored in DMSPEC for each type of area defense missile.

Table Size 0: NDMSPEC

Table Utilization

Indexing

0: 2 x NTYPE - 1

I *2- 2 x (ID number of desired type)

I <- I + 1

Table Format

For each type as indexed above there are two entries

Word 1: Range of DM

Word 2: Effectiveness (Probability of Success) of DMI
Type Array REAL

Input Format FREE

ordered as:
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Word 0: minimum X coordinate

ISP

ID number of type fl
Range

Effectiveness I
rDLIST. Terminal Defense Site Missile Status

Table Size 0: NTDLIST

Table Utilization 0: NTDLIST

Indexing I «- TDM site ID number

Table Format Single entry per site giving number of

missiles

Type Array Integer

Input Format FREE

ordered as:

TDM

Site ID number

Number Missiles

TGTLCV. Target Location and Value

Table Size 0: MTGT , 0:4

Table Utilization 1: NTGT , 0:4

Indexing Standard

Table Format

One row per target sorted on descending word 0 . For

panh -rnw *
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Word 1: minimum V coordinate

2 maximum X ii

ii tl3 V

k value at the target

Type Array

Input Format

REALI (included with TGTTAD input)

TGTTAD . Target type, identification and terminal defense sites.

I
I

Table Size 0: MTGT , 0:5

Table Utilization 1: NTGT , 0:5

Indexing Standard

Table Format

One row per target sorted as TGTLCV

For each row:

Word 0: Target Identifier

1: Target Type

2: Terminal defense site covering the target

Target Identification

Target Type
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I

23 - 25

26 - 28

29 - 31

32 - 3k
37 - k^

kk - 50

51 - 57

58 - 64

67 - 70 Target value

DMLOCO. DM Site Location and Missile Status

Table Size 0: MDMLOCO , 0: NTYPE + 3

Table Utilization 1: NDM , 0: NTYPE + 2

Indexing DM Site Identification Number

Table Format

One row per DM site

For each row:

Word 0: X coordinate

1: V coordinate

2: Total missiles initially

3 : Number of type 0 missiles

k: Number of type 1 missiles

Site (right justified)Terminal Defense
I!n ITit ii

IIIIIIIIII

Terminal Defense Site (right justified)

Minimum X coordinate (right justified as

dec. pointed)

Minimum V coordinate (right justified as

dec. pointed)

Maximum X coordinate (right justified as

dec. pointed)

Maximum X coordinage (right justified as

dec. pointed)

I

I

I

I

I

I
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Type Array

Input Format

REAL

I FREE

Ordered as

DM

Site Identification Number

X coordinate

V coordinate

number of type 0 missiles

number of type 1 missiles

SQRDTA . DM Sites Effecting Each Integer Grid Square

Table Size 0: NSQRDTA , 0: MSQRDTA

Table Utilization 0: NSQR , 0: NSQRDTA

Indexing I: Truncated X coordinate

J: (see format)

Table Format

One row per integer X coordinate

For each row:

Word 0: Index to DM sites effecting Y= 0 square

-| , Tl II II II II y _ I "

M . " "' II 11

Last row entry + 1

DM sites effecting ( 0 indicates none)

(entries are indexed in 0 to N above)

Integer

M+2:

Type Array

V = M

M+l:
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(table is internally generated)Input Format

ATTACK. AM Data for an Attack

Table Size 0: MATTACK , 0: NATTACK

Table Format

One row per AM

For each row:

Word 0: AM Identifier

1: Time of pick up

2: X coordinate at pickup

3 : V coordinate at pickup

k: X coordinate of ground zero

5: V coordinate of ground zero

Identifier

Time of Pick-up

X coordinate at Pick-up

V coordinate at Pick-up

X coordinate of G. Z.

V coordinate of G. Z.

Speed

Table Utilization 1: NAM, 0:6

Indexing Standard
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AMDATA Data Pertaining to Attacking Missile

Table Size 0: MAMDATA , 0: NAMDATA

Table Utilization 1: variable , 0: NAMDATA

Indexing Standard with overflow rows

Table Format

One or more rows for each AM

For each row contain -(index of previous row)

Word 0: 0 not busy, +1 busy begin, <0 busy overflow

1: AM identification

2: Time period of ground zero

3 : Index to target in TGTLCV + TGTTAD

k : Target ID/Local Defense (negative if not

defended)

5 : Index to entry for current time group

6: Last time period in row

7: Index to overflow row

8: Index of last entry in row

9: begin AM/DM correlation in blocks of

[-Time Period] followed by one word for each

covering DM during the period with [period

(bits 18-29), DM site (bits 30-41): Index to

missile type (bits U-7) ]

Type Array Integer

Input Format (generated from AM reports)
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PACDTA Plausible Attack Corridor Data

Table Size 0: MPACDTA, 0:63

Table Utilization Row 1 4:63 , other rows 0163
Indexing Standard (see format)

Table Format

li
II

Word [3] is set to 1 thereafter groupings of k

contiguous words for each

Word [1] : Bits 0-11 X

attack

coord of initial square

coord of initial square

cord of GZ square

coord of GZ square

Bits 12-23 V

Bits 24-35 X

Bits 36-48 V

Word [2]: Type targets under attack--up to 8, one

stored in each six bit character

Word [3]: Type targets under attack not covered

8--one per character.

PACOMS for this PAC

locally up to

iWord [4]: Last index in

Type Array

Input Format

INTEGER

FREE

Ordered as

PAC

X coord of attack square

V coord of attack square

X coord of GZ square

V coord of GZ square
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PACDMS. DM Words Associated with the Plausible Attack Corridors

Table Size 0:255

Table Utilization 1:255

Indexing WordWord [4] of each set in PACDTA gives index

of last entry in PACDMS for that PAC

Table Format (Unformatted) packed words as in AMDATA

Type Array Integer

Input Format Generated internally

DMVOID . Tabulates DM Site Missile Voids by Type

Table Size O:NTYPE

Table Utilization O:NTYPE

Indexing DM Type Code Number

Table Format

One logical word per DM type. Bit I is set to 1

if DM site I is void of other DM type.

Type Array INTEGER

Input Format Generated internally

ALTERS ■ Alternate DMs covering AMs

Table Size O:MAMDATA , 0:11

Table Utilization (same)

Indexing standard

Table Format

Word 0: Index to row in AMDATA

1: Index in ALTERS of last word pertaining to

current period
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2: Index in ALTERS of last word in row (applying

heuristics ) .
3 : Index in ALTERS of last word in row

4: Index in ALTERS for current alternative being

considered I
I
I

5: bits 12-19 I periods beyond first period DM

effective

(and up) : bits 18-29 period DM first effective

bits 30-41 DM site

bits 42-47 Type DM

Word 11: the DM planning group to which the AM belongs

Type Array INTEGER

Input Format Internally generated

Pre-specified DM site groupings to use with heuristic H.6.

Table Size O:MDMLOCO

GROUP

Table Utilization I:MDMLOCO

Indexing I <- DM site number

Table Format

Single entry per DM site giving number of the group

to which the site is assigned

Type Array INTEGER

Input Format FREE

Ordered as

GROUP

(group number)
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OF

(total number of groups)

(number of sites assigned to this group)

SITES

(site numbers)
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APPENDIX C

Description of Principal Global Variables

Identifier

NAMDATA

MAMDATA

MSQR

NSQR

MSQRDTA

NSQRDTA

MATTACK

NATTACK

NDMSPEC

NTDLIST

MTGT

MDMLOCO

MPACDTA

NPACDMS

NPAC

NDM

NAM

NTGT

NTYPE

NTYPT

AMDET

Used in ACTS

Description

Number of columns in AMDATA

Number of rows in AMDATA

Largest ordinate in grid system

Largest abscissa in grid system

Number of rows in SQ.RDTA

Number of columns in SQRDTA

Number of rows in ATTACK

Number of columns in ATTACK

Number of elements in DMSPEC

Number of elements in TDLIST

Number of rows in TGTLCV and TGTTAD

Number of rows in DMLOCO

Number of rows in PACDTA

Number of entries in PACDMS

Number of plausible attack corridors

Number of Defense Missile Sites

Number of AM in an attack

Number of targets In the system

Number of DM types identified

Number of target types identified

Number of AM detected since attack began
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Identifier Description

AMNOW Number of AM currently in the system

Number of AM estimated in possession of the enemy

Logical word-estimate of type of attack

ESTOTAM

TYPATK

PERIOD

TWOCOR

Current time period

Logical - Bit N set

Logical - Bit N set

if DM site N is included in DMMOBI

if DM site N is included in DMMOB2THREECOR

HEURISTIC 1 Boolean - true if heuristic HI is active

HEURISTIC 2 Boolean - true if heuristic H2 is active

3 Boolean - true if heuristic H3 is activeHEURISTIC I4 Boolean - true if heuristic H4 is activeHEURISTIC

HEURISTIC 5 Boolean - true if heuristic H5 is active

HEURISTIC 6 Boolean - true if heuristic H6 is active

HEURISTIC 7 Boolean - true if heuristic H7 is active

HEURISTIC 8 Boolean - true if heuristic H8 is active

HEURISTIC 9 Boolean - true if heuristic H9 is active

SQOK Boolean - true if SQRDTA has been built

REPFLAG Boolean - true if an attack is to be repeated

LEARNING Boolean - true if training run is being made

BOOKI Boolean - true if key allocation specified this attack

ANSWER Boolean - true if key allocation specified this period

ANSWAS Boolean - true if key allocation found this period

COMPARUN Boolean - true if attack is to be repeated using differing

feature weights

ADJWATE Boolean - true if new weights determined are to be saved

in permanent file
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I
Identifier

NEWATE

NODEFENSE

NOTGT

TOOLATE

NFEATURES

TDMPROB

DESTPROB

TOTVALUE

FINVALUE

REPEAT

CYCLE

MINTGTVAL

Description

Boolean - true if weights are adjusted

Boolean - true if there is no defense against an AM in

the system

Boolean - true if an AM will not strike a target

Boolean - true if AM detection is too late to provide a

defense

Number of features in the decision function

Probability of kill of a Local Defense Missile

Probability of destruction of a target by a successful AM

Sum total value of targets before attack

Sum total value of targets after attack

Number of times an attack is repeated for learning

Number of times a situation is to be cycled seeking

sufficient weight adjustment to yield the key allocation

Minimum target value under heuristic H8

ACTIVEINDEX Number of periods during which a type target is not

attack before being considered inactive

NUMGRPS Number of planning groups in the current period

I r>fe _
tfOL6~£ti



I

I

I

I

I
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APPENDIX D

Summary of Attacks

The training and comparison attacks referenced in Chapters V

are listed below. Following the attacking missile number is the

and time of detection and the identification and location of the ■

Beneath each listing the area (DM) and local (TDM) missile sites

to the attack are identified with the number of missiles assigned

attack.

and VI

location

target

relevant

I
I

for the

I

I
I
I

I
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I
I

TRAINING ATTACK TAI MUBILITY AND PALANCE

I

I
I

DM SITE 4 5 6 7 8 9
NUMB DM 4 4 4 5 2 3

TDM SITE , 1 2 3 7 20 22
NUMB TDM 2 2 2 2 2 2

I

I
I
I

TABLE Dl

M
DE

X
TECTIDN

V nm
T

InENIT
ARGSFT

X V

0
1
2
3
4
5
6

19.00
19.00
19.00
19.00
19.00
19,00
19,00

9,00
9.00
9.50
9,00
9.50
9,00
9.50

1.00
1 .00
2.00
2.00
3.00
3.00
4.00

02
D?
P4
D?
P4
D2
P4

1 1.80
1 1.80
8.60

11.80
8,60

11.80
8, 60

14,09
14.06
14,as
14.06
14. PS
14.06
14. AS

7
8
9
0

19.00
19.00
19,00
19.00

9.00
9.50
9.00
9.50

4.00
5.00
5.00
6.00

D?
P4
D?
P4

U.BO
8.60

1 1.80
8.60

14.06
14.85
14.06
14. PS

1
2
3

19.00
19,00
19.00

9.00
9.50
9.00

6.00
7.00
7.00

D2
P4
D2

11.80
8.60

11.80
14.06
14. P 3
14.06



I
I
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TRAINING ATTACK TA? PAC CUVERAGE

I

DM SITE 4 5 6 7. 8 9
NUMb DM 4 4 4 5 2 3

TDM SITE 1 2 3 7 20 22
NUMB TDM 2 2 2 2 2 2

TABLE D2

!

OEEIEC T I 0 N TARGS^T
M X V TIME InENT X v

1 IV. OO 9.00 1.00 D? 11. P 0 14.06
2 19.00 10.00 1 .00 pa 6,60 14.PS
3
4
5
6

17.00
19,00
19,00
17.00

13.00
9.00

10.00
1 3.00

2.00
2.00
3.0U
3.00

pa
0?
pa
P4

8.60
11.80
6.60
6.60

14 ,«5
14.06
14.85
14.83

7
6

19.00
19.00

9.00
10.00

4.00
4.00

D?
P4

11.80
8.60

14.06
14. Pb

9
0
1

17.00
19.00
19.00

13.00
9.00

10,00

5.00
5.00
6.00

P4
D?
P4

6.60
11.80
8.60

14. «S
14.06
14.85

2
3
4
5

17.00
19.00
19.00
17,00

13.00
9.00

10.00
13.00

6.00
7.00
7.00
8.00

P4
0?
P4
P4

8.60
1.1.80
8.60
6.60

14.85
14.06
14.85
14,85

6 19.00 9.00 8.00 02 1 1.80 14.06
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I
I

TRAINING ATTACK TA3 EXPECTED LOSS TRADEOFF

DETECTION TARGFT
X V TIME inENT X VAM

D 2 11.80 14.06
P4 8,60 14. R5
PI2 U.45 14. Q0
P4 8.60 14.85
02 11.80 14.06

IP4 8.60 14.85
P4 8.60 14.85
P4 6,60 14.85
PI2 11.45 14. Q0
D 2 11,80 14.06
P4 8.60 14. P5
»4 8.60 14.85
P4 8.60 14. p5 I02 11,80 14.06
PI2 11.45 14.00
P4 8.60 14.P. 5
P4 8.60 14.83
P4 8.60 14.85
D 2 11,80 14.06
P4 8,60 14.85
PI2 11.45 14.90
P4 6.60 14.85
D 2 11.80 14.06

DM SITE 4 5 6 7 8 9
NUMB DM 4 4 4 5 2 3

TDM SITE 1 2 3 7 20 22
NUMB TDM 2 2 2 2 2 2

TABLE D3

I
I
I

1
2

31
3
4

19,00
19,00
19.00
17.00
19,00

9,00
10.00
7.00

13.00
9.00

1.00
1.00
1.00
2.00
2.00

32
5
6

33

19.00
IV. OO
17.00
19.00

7.00
10,00
13.00
7.00

2.00
3.00
3.00
3.00

7
8

19.00
19.00

9.00
10.00

4.00
4.00

34
9

10
35
11
12

19.00
17.00
19.00
19.00
19.00
17.00

7.00
13.00
9.00
7.00

10.00
13.00

4.00
5.00
5.00
5.00
6.00
6.00

36
13
14
37

19.00
19.00
19.00
19.00

7.00
9.00

10.00
7.00

6.00
7.00
7.00
7.00

15
16

l/.0019,00
13.00
9.00

6.0 0
8.00
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I
I

TRAINING ATTACK TA4 TERMINAL ATTACK VIA PaC

DETECTION TARGFT
AM X V TIML I«ENT X V

Si 8.80 14.80
D 2 11,80 14.06
S7 6.35 11.65
S4 4,40 14.60
S4 4.40 14.60

I 03 6.75 11.77
SI 6,80 14.80
01 11.65 15.00
03 6.75 11,7?
S2 5.20 14.^6
P7 2,20 13.60
S1 8.80 14,80
S7 6,35 11.65I P4 8,60 14.83
02 11.80 14.06
D 2 11.80 14.06
Dl 11.65 15. 00
SI 8.80 14. P0
PI2 11.45 14.90
Dl 11.65 15.0011.65 15.00
02 11.80 14.06

DM SITE 1 2 3 4 5 6 7 8 9 10 11 1 3
NUMB DM 22444452 V 3 2 1

I TDM SITE 1 2 3 7 20 22
NUMB TDM 2 2 2 2 2 2

TABLE D4

I
I
I

01
02
03

19.00
19,00
19.00

10.00
10.00
3.00

1.00
1.00
1.00

04
05

19.00
19.00

4.00
7.00

2.00
2.00

06
07
08
09

13,00
18.00
18,00
19.00

14.00
13,00
13.00
6.00

2.00
2.00
3.00
3.00

10
11

13.00
19,00

13.00
5.00

3.00
4.00

12
13

19,00
19,00

11.00
1,00

4.00
5.00

14
15

19.00
19.00

2.00
8.00

5.00
5.00

16
17

19.00
19.00

8.00
9,00

5.00
6.00

18
19
20

18,00
16,00
19.00

13,00
13.00
7.00

6.00
6.00
7.00

21 19,00 8,00 , 7.00
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1
I

TRAINING ATTACK TAS TERMINAL ATTACK NOT VTA PAC

DETECTION TARGFT
AM TIME IdENTX V X V

S7
SI

6.35 11.65
8.80 14. R0
5.89 10.79
8.80 14. pO
4.40 14.66
3.80 14. ?0
8.60 14.85

SlO
S1
S4
S6
P4 1
PII
Dl

11,40 16. ?0
11.65 15.00
11.65 15.00
11.80 14.06

Dl
02
S1 8,80 14. PO

11.80 14.0602 I
I

S2 5.20 14.36
6.75 11.77

11.65 15. ?0
12,30 c.so

03
PI
Pll
P4 6.60 14.85

11.80 14.06D2
S5 4.20 14.40

DM SITE 1 2 3 4 5 6 7 8 0 10 11 1 3
NUMB DM 22444452%.3 21

TDM SITE 1 2 3 7 20 22
NUMB TDM 2 2 2 2 2 2 I

TABLE D5

I
I
I

30
31
32

19.00
19,00
19.00

3.00
4.00
3.00

1.00
1.00
2.00

33 19.00 1.00 2.00
34
35

19,00
19.00

1.00
9.00

2.00
2.00

36
37

19,00
19,00

7.00
8,00

3.00
3.00

38
39
40

19.00
19.00
19.00

10,00
11.00
12.00

3.00
4.00
4.00

41
42

19,00
16.00

14.00
14.00

5.00
5.00

43
44

14.00
18,00

14.00
12.30

5.00
5.00

45
46
47

19.00
19.00
19.00

7,00
10.00
11.00

6.00
6.00
6.00

48
49

19.00
19,00

1.00
10.00

7.00
7.00
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I

TRAINING ATTACK TA6 INTERMEDIATE ATTACK PWA

$

F

DETECTION
T IMEAM X V

TARGET
I -< E N T X V

SI 6.80 1 4 . P 0
S 7 6.33 11.65
01 11.65 15.00
D? 11.80 14.06
0 3 6.75 11.77
S 1 6.80 14,80
S 9 &.30 1 C .6 2
0 2 11.80 14.06
S7 6.35 11,65
P I 2 11.45 1 4 . 0 9
0 3 6,75 11.77

P6 6,85 11.93
D111.65 15.00
SI 8.80 1 v , p. 0
S8 6.70 10.52
P3 11.80 13.50
P 2 11.90 14.40
S T 6.35 11.65
P4 a. 60 14. « 5
D1 11.65 15.^0

I

I

1

DM SITE 1 2 3 4 5 6 7 8 o (0 U i3
NUMB DM 22444452-53212*321

TDM SITE 1 2 3 7 20 22
NUMB TOM 2 2 2 2 2 2

TABLE D6

1

SI 6.80 1 4 .a 0
01 11.65 15.00
P 4 6.60 14.85

18.00 14.00 1 .00
171
172
1 73
174

18.00
19.00
19.00
19.00

14.00
12.00
9.00

12.00

1 .00
2 . 00
2.00
2.00

175 19.00 7.00 3.00
176
177

19.00
16.00

9.00
14.00

3,0 0
3.0 0

176 19.00 7.00 4.00
179
180

19.00
19.00

4.00
1.00

4,00
5,00

181 19.00 4.00 5.00
182
183

19.00
18.00

4.00
13.00

5.00
6.00

184
185
186

19.00
19.00
19.00

5.00
9.00

10.00

6 .00
7.00
7.00

187
186
189

19.00
19.00
19,00

7.00
9.00

10.00

7.00
8.00
6.00

190
191
192

1 7.30
16.00
IV. OO

11.00
13.00
6.00

9.00
10.00
10.00



I
I

I
I
I

I
I
I
I
I
I

I
I

;gmfPAFRISON RUN 1 PL.au;SIBLt CDRRIDPR ATTACK

am X
DETECTION

V TlMt
TARGFT

inENT X V

i
2
3
4
5

14,00
13.00
19.00
19.00
19.00

1 15.00
' 13.00

9.00
8.00
6.00

1.00
1 .00
1.00
1.00
1 .00

PI2 11,45
P6 6.85
P T 2 11.45
P^ 3 . 4 0
P4 8.60

14.90
11.03
14. c 0
9.60

14. pb
6 IV. 00 4.00 1 .00 Ml 3.50 9.80
7
6
9

13.50
19.00
IV. OO

13.00
11.00
10.00

2,00
2.00
2.00

SI 8.80
PI 11,65
P4 6.60

14.80
15.20
1 4 .

P,

5
10
11
12
13
14
15

19.00
19.00
19.00
13.50
19.00
IV. OO

7.00
5.00
4.00

13.00
10.00
8.00

2.0 0
2.00
2.00
3.00
3.00
3.00

52 5,?0
P 6 6.35
SI 6.80
5 3 4.8 9
P4 8.6 0
S7 6,35

14,36
11.93
14,p 0
14.37
14.85
11.65

16
17

19.00
19.00

7,00
4.00

3.0 0
3.00

P 2 11.90
S 4 4.40

14.c0
14.60

18
19
20
21

19.00
14.00
13.00
19.00

3.00
15.00
13,00
9.00 .

3.00
4.00
4.00
4.0 0

P 8 3.40
PI2 J 1.45
P 6 6.85
P T 2 11.45

9.60
14.90
11.03
14 .00

22
23

19.00
IV. OO

8.00
6.00

4.00
-4,00

P 8 3,4-0
P4 6.60

9. t 0
1 4 . a s

2a
25
26
27
26
29

IV. 0 0
13.50
19.00
19.00
19.00
19.00

4.00
13.00
1 1 .00
10.00
7.00
5.00

4. 00
5.0 0
5. 0 0
5.0 0
5.00
5.00

Ml 3 „ S 0
SlB „ 8 0
PI 11.65
P4. 8,60
S6 3.80
P 6 6,85

9.80
14.80
15. P0
14.85
14.90
11.93

30 19.00 4.00 5.0 0 Si 8,80 14.80
31
32
3 3

13.50
19.00
19.00

13.00
10.00
6.00

6 .00
6.00
6.00

S5 4.20
P4B . 6 0
S7 6.35

14. a 0
14 .r 5
i. J. .

r>

J

34
35
36
3 7
38

19,00
19.00
19.00
14,00
13.00

7.0 0
4.0 0
3,00

15.00
13.00

6.00
6.00
7 .00
7.00
7.0 0

P 2 11.90
S 4 4.40
P8 3.4 0
Pl2' 11.45
P 6 6.85

1 1

,/'

0
14,60
9.60

14. 00
11.93

39 IV. OO 9.00 7.00 P T 2 11.45 14.00

TABLE D 7(a)
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I
I

CUMPARI6UN KUN 1 PLAUSIBLE CORRIDOR ATTACK
C U N T I N UE0

DETECTION TAR Gr T
V TIME inENT XAM X V

PR
P4
M '
SI
PI
P4
S6
P6
S1
S5
P4
S7
P?
S4
12
P3
Pfi

8,60 14.85
6,35 11.65

I 11.90 1 4 .

/i

0
4.40 1 4 . 60
3.50 10.1 0

11,80 13.80
6 . !-" 5 H, <5 3

I DMSITE 2 3 4 5 6 ( 8 9 10 1 1 1 2 1 3
NUMB DM 454 544 45" 44 3

TDM SITE 1 2 3 720 21? 2
NUMB TDM 2 2 2 1 2 2 3

I

TABLE D 7(b)

I

3 . n 0 9.60
6.60 14.83
3.50 9 . P 0
8.801 4 , P 0

11,65 1 5 .? 0
6.60 1 4 . « 5
3.80 1 4 ,7 9
6.P51 1 .C 3
'i.BO 14.80
4,20 14,40

19.00 6.00 7.00
1
2

1 ji . 00
19.00

6.00
4.00

8. 00
8.00

3 IJ. 5 0 1 3.00 0.0 0
4
5
0

IV. OO
IV. OO
iv. oo

11 .00
10.00
7.00

8. 0 0
8,00
9 ,00

7 19.00 5.00 9.00
6
9
0

IV. OO
13.50
19.00

4.00
13.00
10.00

9.00
9.00
9.00

1
I
3

19,00
19,00
19.00

6.00
7.00
4.00

10.00
10.00
10. 0 0

4 IV. OO 3.00 10.00
5
6

14.00
IV. OO

15.00
5.00

10. 0 o
10.00
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I

COMPARISON RUN 2 S>D>M TYPE TARGET ATTACK

TABLE D 8(a)

I

AM
I

X
DET ECTION

V T IML
TA

loENT
\ R 0, F T

X V

1
2

2.80
8,70

12.00
15.00

0.00
0.00

SH
DSI

6, 1.0
10.40

4,^5

9.70
3
4

13,10
2.80

15.00
12.00

0.00
0.40

DS2
DSI

11,40
1 0.40

11 ,?0
9,70

5
6

8,60
13,70

15.00
15.00

0.40
0.50

S7
Si

6.3^
8 , 8 0

11 ,65
14.80

7
8
9

20.00
19.00
13,50

7.00
5.00

15.50

o.eo
0.90
o.vo

S3
S3
DS2

5,20
4.89

1 1,40

14» ? 6
14,3'
11. ?0

10
11

19,50
19.00

6.00
2.00

1.10
1.10

S5
S6

4,?0
3,80

14.4 0
14.20

12
13
14
15

19.00
20.00
19.50
19.00

4.50
10.00
2.50
3.00

1.20
1 .20
1.50
1 .50

S4
S8
SO
SlO

4.40
6.70
6,30
5.89

14.60
10.^2
10.62
10.79

16
17
16
19
20
21

19.00
20,00
19.30
19.00
19.00
19.00

2.50
6.00

11.00
4 .80
4.00
3.00 ,

1.7 0
1.70
1.90
2.b0
2.50
2.50

Sll
S?
SI
53
S4
M 5

6. 10
5.20
6.80
4.89
4,4 0
6.70

4.^5
14.36
14. 8 0
14. ? 7
14.60
4.60

22
23
24

16,00
20.00
19.00

5.50
10.00
3.00

2.50
2.70
2.7 0

S6
5 7
0 3

3.80
6.35
6.7 5

14. ?0
11.63
11.77

25
26

19.00
19.00

4.00
5.00

3.00
3.10

DSI
SlO

10.40
5.8 9

9.70
10.79

27 19.00 12.00 3.40 SJ 1 6.30 4 ,5?
28
29

13.00
9.00

15.00
15.00

3. 70
3. 70

DSI
DS2

10.40
1 1.40

9.70
1 1 .? 0

60
31
62

17.00
9.00

13.50

13.50
15.00
15.50

4.00
4.20
4.20

01
SI
02

1 1 .65
6.80

11.80

15.00
14.80
14.06

33 8,50 15.00 4 .60 PI 1 12.30 S.sO
34
35

20,00
19.00

6.00
4.80

4.80
4.90

S2
S3

5.20
4.89

14,36
14.37

36
3 7
38
39

19.00
19.50
16.00
20.00

4.00
8.50
5.50

10.00

5.10
5.40
5.40
5.40

S4
M 1
S6
S8

4,40
3.50
3.80
6,70

14.60
9.80

14.?0
10. *2
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I

I

I
I

TABLE D 8(b)

OMPARISON RUN 2 S>D)t M TYPE TARGET ATTACK
ONTINUED

I
AM X

DETECTION
V TIME

TARGfT
lOENT X V

40 19.00
41 6,50
42 19.00
43 19.00
44 19,70

1 2.50
i 15.00

5.00
' 12.00
1 2.60

5.50
5.70
5.70
6.00
6.00

S9 6.30
05 11.30
510 5.89
511 8,10
D 3 6,75

10.62
6.65

10.79
4.55

11.77
45 13.10
46 20.00
47 19.50

14,00
8.00

1 11.50

6.50
6.50
6.50

D 3 6,75
D S 2 11.40
D 111.65

11.77
11. ?0
15.00

48 9,00
49 19,00
50 17.00
51 6,30
52 19.50
53 20,00

15.20
' 11.50

14.80
15.00

' 11.50
9,00

6,60
6.90
7.00
7.40
7.40
7.40

02 1 1.80
S7 6.35
D 51 1. 30
06 7.95
D 6 7.95
D 6 7,95

14.06
11.65
8.65
5.05
5.05
5.05

54 12,00
55 18,00
56 18,00

' 14.50
11.50
2.70

7.70
7.60
8.00

NONE 0.00
DSI 1 0,40
M 8 8,30

0.00
9.70
3.70

57 20,00
58 19.00
59 8,50

1 7.00
1 3.50

15.00
8.00
8,50
8.60

M 5 8,70
Ml 3.50
M 2 12.25

4.60
9.80
7.84

60 20.00 8,00 . 8.70 M 31 2.35 7.00
61 12.00
62 20,00
63 19.00
64 ?0,00

1 14.00
5.00
4,70
7,00

8.80
9.0C
9.20
9.40

M 41 0,75
S5 4,?0
M 68,35
M 77,70

8. 85
14.40
4.80
7.?0

65 IV.OO
66 IV, OO
67 19,00
68 19,00

2.40
4,00
2.50
3.00

9. 50
9.7 0
9.V0

10.10

M 8 8,30
M 9 7,40
MlO 7,10
Ml 1 6,50

3.70
4.R0
4.M)
3.60

69 IV,OO 4.90 10.30 Ml25, 10 4.15
7 0 19,00
71 19.00

4.50
0.60

10.50
10.60

Ml 3 4.75
Ml 4 4,40

3.75
3,?e

72 20,00
73 19,00
74 19.00

8,00
11.00
11.00

11.00
11 .20
11.30

M 3] 2. 35
Dl 11.65
D 2 11.80

7.00
15.00
14.06

75 19.00
76 19.00
77 11,30
78 19.00

3.00
9,00

12,00
4.00

11 .50
11.60
12.00
12,00

03 6,75
51 8.80
D 4 12,23
52 5,20

11.77
14.80
8.40

14.36
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I
II
I
I
I
I
1
I
I
I
1
1

COMPARISON HUN 2 S>D,M TYKE. TARGET ATTACK
CUNT INUfcO

UETECTION TARGFT
X V TIME TOENT X vAM

0 5 1 1.30 8.6b
S3 4.89

7.9b
14.37

0 6 5.0b
0 7
S7
S9
S1 1
D 7
MP,

Ml 0
Mil
Ml2
Ml4
0 7

5.10 4.1b
3.
5.^0
9.89
7.0@
4.80

Ml 3.50
M3
M6
M8
M?

m a

12.35
6.35
8.30 3.70

8.«5

1

TABLE D 8(c) I
I
I
1

8,80 5.80
6.35 11,65
6.30 10.62
a.iO 4.8b
8.80 5.80
8.30 3.7 0
7.10 4.80
6.50 3.60

4.40
8.80

12.25 7.84
i2.35 7.00
1-0.75

DM SITE 1 2 3 4 5 6 7 8 o-1011i21314 15Ul7 18 19
NUMB DM 888656558585-S 585885

TOM SITE 1 2 3 4 5 6 7 8 9 10 1 1 12 13 14 15 16 17 18 19 20 21 22
NUMB TDM J5333b3555333669322333

7V
60
81
o?
63
04
65
86
&7
06
89

19.00
18.00
19.00
6.30

IV. OO
18.50
18,00
11.50
19.00
19.00

■

19.00

11.50
6.90
7.50

15.00
2.30

11.50
11.50
13.50
2.00
9.00
9.00

12.20
12.40
12.60
12.60
12.90
13.10
13.70
14.00
14.50
14.50
14.50

yo 19,00 9.00 14.60
91
92

19.00
17.00

8.00
14.00

14.90
15.10

93
94
95
96

19.50
13.00
19.00
19.00

0.50
14.00
3.00
4.00

15.30
15.30
15.60
15.90

97
98
99

18,00
18.00
19.00

11.00
11 .00
9.00

16.10
16.90
17.00
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I
APPENDIX E

Basic Target and Missile Site Date

The following tables provide detailed information about the targets

in the test environment depicted in Figure s°l- For each target, the

type resources identified with the target, the defending local defense

sites, minimum and maximum grid coordinates defining the boundaries of

the target and the target value are listed. For each area defense

missile site the grid coordinates are given. Number of DM assigned to

each site is specified with the attack script.I
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I

LIST OF TARGETS USED IN TEST ENVIRONMENT

TABLE El (a)

COVERING MIINIMU" (.COORDS maAXIMUM r OOROS
;dent TYPt TDM SITLS X V X V VALUE

pii
pi
Dl
SI
P4

PIp
D
s
p

0
1
1

22
22

16.00
15.10
14.9^
14.70
14.67

11.40
11.65
11.65
8.80
8.60

16.20
15.20
15.00
14.80
14.65

11 .60
I'l.Bo
1 1 .70
8.00
8.80

10
10
10
10
10

PI2
S4
S5
S3

PI
S
S
S

\, 7
0
0
0

1 4.60
14.50
14.30
14.3*

11.45
4.40
4,20
4,89

14.90
14.60
14. 4Q
14.37

11.70
4.41
4. Pi
4. 90

10
10
10
10

S2
P2
S6

S
P
S

0
2
0

14.38
14.20
14.10

5.20
11 .90
3.80

14.36
14.40
14.20

5,?1
12. 10
3.81

10
10
10

II I 0 14.00 9,90 14,10 10.00 5
D 2.
P5

D
P

2
0

14. 00
13.70

11,80
4.80

14.06
13.80

11.90
4.00

10
10

P7
P3
P6
D3

P
P
P
D

0
0
3
3

1 3.50 .
13.30
11 .80
1 1 .7o

2.20
11.80
6.85
6.75

13.60
13.50
11.93
11.77

2. 30
12.00
7.00
6.P0

10
10
10
10

S7
DS2
SlO
S9
S8

S
DS
S
S
S

20
13
0
0
0

11 .60
11.10
10.78
10.61
10.51

6.35
11.40
5.89
6.30
6.70

11.65
11.20
10.79
10.62
10.52

6.40
U.50
5.00
6.3 1
6.71

10
10
10
10
10

12
Ml
DSI
P8

I
M
DS
P

21
21
12
21

9,90
9.70
9.60
9.40

3.50
3.50

10.40
3.40

10.10
9.80
9.70
9.60

3.60
3.60

10.^0
3.60

5
5

10
10

P9
M 4
D 5
Pl2
PI7

P
M
D
P
PI

0
11
5

11
0

9.00
8.80
8.60
8.50
8.40

8.85
10.75
11.30
10.60
11 .90

9.20
8.85
8.65
8.70
8.50

9.00
10.80
11.35
10.80
12.10

10
5

10
10
10

D 4
Pll

D
P

4
4, 8

8. 3 'i
8.20

12.23
12.30

8,40
8.50

12. 28
12.40

10
10
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LIST OF TARGETS USED IN TEST ENVIRONMENT

TABLE El (b)

DENT TYPE
COVERING
TDM SITES

MlI NIMUM C
X

OORDS
V

MAAXIMUM
X

C tfORnS
V VALU

PI6 Pi 10 8.10 11.80 8,30 12.00 10
PlO
Pl9
M 2
PI3
PIS
PI4
13
M 7
M 3

P
P
M
PI
PI
PI
I
M
M

8, 4
10

8, 9
8» 9
9» 10

9
0
0
0

B. On
7,90
7.Bft
7,80
7.70
7.6ft
7,1«

7,lft

6.Bft

12.30
11,90
12,25
12.30
12.00
12.20
7.50
7.70

12.35

8.20
8.10
7.84
8.00
7,90
7,80
7,10
7.20
7.00

12. SO
12.10
12.30
12.50
12. ?0
12.40
7.50
7.80

12.^0

10
10

5
10
10
10

6
5
5

Pl7
07

P
D

0
6

6.oft
5.40

8.60
8.80

6.20
5,50

B.PO
8.00

10
10

D 6
PIB

D
PI

17
14

4.9«
4.80

7.95
8.70

5.05
5.00

8.03
8.90

10
10

Pl3 P 14. 16 4,80 8.50 5.00 8.70 10
M 9
Pl5
PI9

M
P
PI

0
16
15

4,7ft
4.7ft
4.6ft

7.40
8.30
8.70

4.80
4.90
4.80

7.^0
B.^o
8.00

5
10
10

Pill
Pl 4
Sll

PI
P
S

16
14. 15

16

4,6ft
4,60
4.5ft

8.10
8.50
8.10

4,80
4.804,55

8,30
8.70
8.15

10
10
10

Pl6 P 16 4.5ft 8.30 4.70 B.SO 10
M 5
M 6
MlO

M
M
M

15
16

0

4.4ft
4.4ft
4.4ft

8.70
8.35
7.10

4.60
4.50
4.50

B.PO
8,40
7.?0

5
5
5

PI 10
Ml 2
PlB
PII2
Ml 3

PI
M

P
PI
M

15
19
19
18
19

4.40
4. Ift

3,Bft

3.70
3.70

8.50
5.10
4.80
8.20
4.75

4,60
4.15
4,00
3.90
3.75

8. 70
5.15
5.00
8."0
4.R0

10
5

10
10

5
M 8
Mil
Ml4

M
M
M

18
0
0

3.60
3.50
3.10

8.30
6,50
4.40

3.70
3,60
3.20

6. SO
6.6.0
4,80

5
5
5
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II
II

AREA DEFENSE MISSILE SITE LOCATION*

(RANGE UF MISSILES IS 1 SUUARE LENRJH. QUANTITY OF MT.SsH.fc-S AT
EACH SITE IS ESTABLISHED IN THE ATTACK SCRIPT AND ARF LIsTEO IN
APPENDIX D.)

SITE ABSCISSA ORDINATE

17.00 2.001
4.002 17.00

17.00 6;oo
8:oo

3
4 18.00

18.00 io;oo5
13.008 15.00

16.20 io; 307
12:406 16.90
12.009 13.70
6.4010 14.00

14.20 4;6011
11.60 3.60

9;

oo
12
13 11.50

10.00 13.0014
13:5015 8.60

6.60 13.0016
11 ".00 II17 5.40

3.80 io : oo16
4.00 719019

II
I
I
1

TABLE E2

I

I
I
I
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APPENDIX F

Proof of Weight Adjustment Lemma

Under the definitions of W, D, F, F' and W given in section 4-. 1.2

the following holds.

Lemma: For any fixed, finite W, D, F and F', there exists a

finite scalar S* > 0 such that for any S > S*,

WF' < WF

Proof

by (i) section 4-. 1.2

by (iv) section k. 1.2

Choose

(v)

and

Now, for any S > S* , say S ' >

S* (DF-DF') > WF' - WF

hence

Now,

The proof is complete.

oo > WF' - WF > 0

°° > DF - DF ' > 0

WF ' -WFs* - ww^ so that ~> s* > °
S* (DF-DF' ) = WF' -WF

S'DF > WF' - WF + S'DF'

WF' = (W + S'D)F' = WF' + S'DF'

=WF'+WF-WF+S'DF'

= WF + (WF' - WF + S'DF')

< WF + S'DF = WF .


