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ABSTRACT: The obJjectives of the research reported here are to develop
an automated decision process for real time allocation of
defense missiles tc attacking ballistic missiles in general
war and to demonstrate the effectiveness of applying heuristic
learning to Seuk cptimality in the process. The approach is
to model and simulate a missile defense envircnment 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
chocses 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

ense posture, the ability of the defense system to protect
targets from both current and future loss.

simulation and analysis, a set of calculable features
termined wh‘“d effectively refleet the marglnal
) ion of defense posture for each allocation in a
i cigion function, a linear polynomial of
is evaluated for each feasible allocation and
tion having the smallest value is selected. A
eur i learning process is incorporated in the model to
evaluate the performance of the decision process and adjust
the decision function coefficients to encourage correct
of alternative allocations. Simulated attacks
1g typical defense situations were cycled against
.sion procedure with the result that the decision
~oefficlents converged under the learning process
i rocess became increasingly effective.
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INTRODUCTION

1.1 Objectives and Approach

This paper reports an artificial intelligence approach to the
military command and control problem of real time allocation of defense
siles to attacking ballistic missiles in general war.
defense missile allocation problem is representative of a large
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.
impetus for studying the particular problem is that the real time
spect 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,




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 generally known as

Artificial Intelligence, and the goal of artificial intelligence research

onstruct computer programs which exhibit behavior that we call

, . L . 2 .
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.

A 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

b

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

LOnly 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]J 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,

e

genbaum [1] p.




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

2
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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.
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 cla

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

involves 10 e move choices and, at 5 moves per millimicrosecond, would

take lO2l 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

They do provide a capability to determine solutions to problems

)Feigenbaumj (1] p. 6.




which 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)n However, it has been

Iy
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'".

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

of the storage and retrieval procedures required and the diffi-
~ulty 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.

£
o - - = ;
See Samuel [10], Feigenbaum [2], Selfridge [12], Minsky [6].




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

e of those elements contributing in a positive fashion to the
of the outcome and, if it is "bad", will do the same for those
which contributed in a negative fashion. Theoretically, after
beated training sessions using the reinforcement operator, the decision
procedure will have attained the proper correlation among its elements
nereafter provide consistently good solutions to new, but similar,
problems.

A learning system to accomplish this result must contain a mechanism

to trigger responses from the decision process and remember what role
ch element had in selecting the outcome, and a trainer to analyze the
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
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
future. Note that the trainer need not know how to solve problems,
only to recognize good or bad outcome.
In the controlled learning system, (a), the supervisor acts as both

mechanism, by establishing the training environment, and
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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?

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)D 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

inal outcome is generally not clear, Nonetheless, there is at

least one example, the Samuel's Checker Playing Program, [10]9 where




this 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.

1,5 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 [11]),
locate warehouses (Kuehn and Hamburger [5]) 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

—
2 v i X 5
In fact, the Samuel's program was a pioneering work, and the most

successful to date in sub-problem reinforcement,




oplication 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 scientifically with ill-structured problems, "6

Some progress has indeed been made. Tonge [14], reported on

o

1

applying the Newell, Shaw, and Simon General Problem Solver (GPs)
essfully to the assembly line-balancing problem in 1963, And
[0], built a model of a trust investment officer which

matched the portfolio selections actually made by the individual

ewell and Simon [9].

he General Problem Solver is probably the most significant contribution
to simulating human problem solving processes. Newell, Shaw, and Simon

o

[7] and Newell and Simon [9].




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.

Defense Missile Allocation: An Ill-Structured Operations Research

Ezoblem

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.

Suppose a missile defense system i1s 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 1s static except
the defense strategy itself; how the available weapons are to be allo-
cated among the incoming ballistic missiles.

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

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

10




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 D2 is used against attacking missile Al at time T,
the probability that Al will strike target A will be much lower than if
Al was unmolested by D2 and engaged by D1, since, if D2 was unsuccessful,
D1 could still be useable against Al. However, by apparently reducing
the real effect by thorough coverage of Al at time T, it may well be
that the opposite has occured as a result of depleting the D2 supply and
thereby jeopardizing the defense of B and C from A2 and A3, respectively,
at time T + t.

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.

Some Heuristic Approaches

particularly simple heuristic program that is repeatedly used in

8
of detection and weapon capability alone. The advantage of

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




Figure 1.2 Typical Assignment Situation




this approach i1s 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
of the defense-attack environment to make allocations. The
this type program depends entirely on the ability of the
to discover good heuristics from human analysis of the problem,
method for permitting the program to adapt its decision
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

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
layer 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.

is the first players turn, and so on. Each move is governed

13




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, 1s obscure, As the game progresses,
each player adapts his strabtegy 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,"




Consider the following heuristic approach, suggested by game playing
research in artificial intelligence directed toward understanding human
decision making and learning processes, [10]., At each decision point,
evaluate the resulting defense posture for each feasible missile allo-
cation using a function of calculable "features" measuring critical

least useful) properties of the immediate environment, such as

number of undefended targets, relative 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
ction not only executes but also establishes defense strategy through
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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II. 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

9
as 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

quer 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.




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 td 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
1 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,
[n military terminology, "to engage" means to intercept and destroy.
the function of the engagement subsystem to actually destroy an
ttacking missile on command., Assuming the defense weapons are anti-
1listic missiles with nuclear warheads, destruction is accomplished
launching a weapon, guiding it within killing range of the hostile
detonating the defense weapons' warhead., Defense missiles
located at missile sites, where several missiles are within close
enough proximity of each other to be controlled by a single guidance

say a ground based radar facility. There are two general

L7




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

ts 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

18




defense area)D 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

computers which can communicate directly with each other via

core transfer. Data analysis and real time decision making

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
J P 5

1" 1

population", ”population/industrial”9 "strategic" and "defensive/stra-
Fach 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

19




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

ecision 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

20




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 1n 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
capabllity of a nation, the attack plan would certainly require placing
weapons on military installations and transportation systems including
ports, airfields and rail centers. Genoclde, 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.

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 inertial guidance system. Depending
on the effect desired, the warhead is detonated at an altitude above the

target, on ground contact or underground.
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2,35 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

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.

(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, cpectations of future events and pre-specified defense
strategies and decides which DM (if any) to allocate to each AM at
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).




(vii) As the attack develops, the enemy may either change to
another attack strategy or adjust his plan to capitalize on weaknesses

system, reallocate his missiles among remaining targets,




III. 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 B5500 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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Modeling the Environment for ACTS

Like most other real world situations the attack-defense environment
cannot be represented exactly by a computer program, hence it 1s 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
evezstU 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 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

LO . - ”
An event is defined as any occurrence relevant to the attack-defense

gituation. Examples are an AM enters the system, a DM destroys an
AM. a DM misses an AM, and an AM strikes a target,
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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

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 1is 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.




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 (1-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.

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

value of the target it is attacking.




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. HY4 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.

Hl: Consider possible future events in seeking an allocation decision.

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

period, defend the target with the local defense weapon.

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

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

engaging will endanger coverage of an active plausible corridor lead-
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.

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

destruction of 1.

Divide the AM into groups so that (1) 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. )

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.)

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.

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

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

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.

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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Location and value of each target in the system.
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: TFor 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.

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.

.4 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




where the F. are measures of relevant 'features" of the defense environment
1

and Wi are coefficients to be adjusted to seek optimality in the decision
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.

The overall objective of the defense system considered in the model

is to minimize total loss in target wvalue.

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

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 a DM 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 DMMOB1 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.

Clearly it 1s 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.

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, DBALT, and DBALA are measures
of defense posture balance.

Avoiding large expected loss 1s 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.

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.

1) CUND Number of undefended plausible attack corridors.

CUNDA Number of undefended active plausible attack corridors.

CTUND Number of undefended plausible attack corridors leading to

locally undefended targets.

CTUNDA  Number of undefended active plausible attack corridors

leading to locally undefended active targets.

TLUND Number of locally undefended targets.

TLUNDA Number of locally undefended active targets.

TLONE Number of targets with one remaining local defense opportunity.

TLONEA Number of active targets with one remaining local defense

opportunity.

AMZERO Expected value of AM facing no defense opportunity.

AMONE Expected value of AM facing one defense opportunity.

AMTWO Expected value of AM facing two defense opportunities.
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Number of applied DM covering from m to 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).
Number of applied DM covering more than n PAC.
Number of DM sites deploying one quarter of assigned missiles.
Number of DM sites deploying half of assigned missiles.
Number of DM sites deploying three quarters of assigned
missiles.
DBALA Number of DM sites deploying all of assigned missiles.
SOLEDM  Number of applied DM from DM sites which provide the sole
coverage of a PAC.
Number of applied DM from DM sites which provide the sole
coverage of an active PAC.
Coefficients, Wi, associated with the features are identified by
the program subscript, that is, Wl, W2, ... W19. Likewise, the features
themselves are identified by F1l, F2, etc. when use of the tags is not
convenient.
As an option to comparing on the value of the function alone, ACTS
permits lexicographic minimization of a threetuple (V1l, V2, V3,) where
V1 is CTUNDA, V3 is CTUND and V2 is the weighted sum of the features. The

option is selected by system input.




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

example, if twelve (12) AM are in the system and each has four (4) possible

2 V.
defense opportunities the total number of allocations is 4% = 16.8 x 10°.

Now if two groups of six AM can be distinguished and processed separately,
the number of allocations is only A6 i M6 = 8192. Three groups of four AM
yields Mu # uh + oy = 768 and four groups of three yields W3+ a3 43 4 130
256.

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

metrically specifying either heuristic HD 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
procedure or type of attack directly.

d) Specification of target value.

e) Output control parameters.

Process new AM data. For each AM entering the system generate
an entry in AMDATA.
From time, position, ground zero and speed calculate a
trajectory projection.
Determine target, target value and local defense status.
Determine grid squares the projection passes through.
Locate candidate DM sites in SQRDTA.
For each time period until the AM reaches ground zero,
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.




If Heuristic H8 is active and the target value is less than

MINTGIVAL the AM is ignored.

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.

If heuristic H5 or H6 is active and H7Y 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 O.
Go to Decision Routine. Return to E6.

Relay DM engagement commands to appropriate facilities.

Reflect the result of the periods activity in data files.

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

change the target value.
For AM destroyed by DM, remove the AM from AMDATA.

For DM deployed, remove the DM from DMLOCO.

Go to El.

3,6.2 The Decision Routine

The allocation of defense missiles is based on comparative evaluation

of 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 Hl 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, Hl 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 maximum 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.

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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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, H5 and HY.

By restricting the permissible combinations the strategy heuristics
have the side effect of reducing search in the decision routine. Heuris-
tics HS and H6 are provided for the sole purpose of reducing search.
Heuristics Hl, the look ahead heuristic, and H9, the lexicographic
heuristic, directly effect the evaluation process; however, Hl 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

(V1, V2, V3) as defined in section 3.4t and minimizing or maximizing is
accomplished lexicographically; otherwise, only V2 is meant, or, equi-
valently, VL =V35 = 0.
A 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

to E6.
Set GRPNOW = O.

Evaluate the features for a feasible DM allocation for the AM

with last entry in ALTERS equal to GRPNOW.

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

to L,

If heuristic HL is not active go to D9.




For plausible attack corridor PACNOW, select the DM which
minimizes the decision function given the allocation specified

in D2k

If the value of the decision function is greater than that

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

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

PACNOW + 1 and go to D6.

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.)

Repeat D3 - D9 for all feasible allocations against group

GRPNOW. On completion go to D11,

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

and go to D3.

The allocation minimizing PFEAT is in BESTCOMB. Those entries
corresponding to current period engagements are stored in BESTALT

and return is made to E6.




Iv THE LEARNING PROCESS

4.1 Description

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.

Reinforcement 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
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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.

1) 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.

Determine the direction in which to adjust the weights so as to
move toward the (unknown) weights yielding the key allocation.
Determine the step size, i.e., how far to go in the direction
specified in 2.

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

maintain logical consistency.

L.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)

L5




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
. - , o . . :
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 Jjudgment
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 Wi ) having feature values Fi and a key allocation
determined by the TS with feature values Fi, it is desired to adjust
the weights Wi in the direction of Wi, the (unknown) weights which
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would have yielded the key allocation in this situation. Since the Wi
are unknown, it is necessary to find an approximating set W; s say,
which has the property that it is possible to move from Wi 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 = (Wi) = (wl,wg,»,,,wn) be the current weight vector,

W' = (W;) = (WEDWE,,,,,W;) be the approximation vector for

the key allocation weights, Wi 9

(Fi) = (Fl,FQ).ﬂc,Fn) be the vector of feature weights

for trial allocation,

(Fi) = (Fi,Fé,n.m,Fé) be the vector of feature weights

for the key allocation,
W'-W is the direction in which the weights are to be adjusted.
first that
(1) WF < WF!
otherwise the decision process would have preferred the key allocation to

the trial allocation"l

Now define the vector

B = (F)) = (B Fosnsn B )

where F; is equal to:

Lexicographic comparison is not used in the learning process as the
weighted term V2 1s dominated by V1 in the decision process.




i/
7} /(5]F,)
(e, ¥}/
}i‘i/}Fi'

1L

Clearly

0 < F!
1
Finally let the approximation vector elements
‘Nv !‘ = W ) _I:" V.V
& X L

From the relations (ii), the following relations hold.

W v.v ~
XL

since
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Tt remains to show that under the approximation W" for W' ,
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)

W'(F'-F) < W(F'-F)
W'(F'-F) - W(F'-F) <O
(W'-W)(F'-F) <O
D(F'-F) < O

hence,

(iv) DF' < DF ,

Define W = W+SD where S >0 1is a scalar. It can be shown (see

Appendix F for proof) that

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

finite scalar S¥% > O such that for any S > 5% ,

WF' < WF .

Hence, conclude that D = W'-W 1is a feasible direction.




L.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 1is based on an approximation, W" , to weights W' yielding
the key allocation; there is no guarantee that WE ! < WFK for all k, i.e.,
for the feature wvalues 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, Ri P

calculated as follows for each feature weight, Wi
After each learning situation if Wi was unchanged,
then Ri = Ri + 1 (max Ri = 10) ; otherwise
R; = (largest integer of (Ri/E))+l >
or

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




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 Si for each
individual feature weight and adjust individual Wi by a weight of Si
This procedure enables a more rapid modification of Wi 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 Wi plane. However,

it 8 . is the minimum §. and S% =8./S . > 1 then by modifying
min i al i’ "min —

W" and W. such that W¥* = S¥W" = S¥W.F' = W¥F¥, the relations (iii)
i il i 14 1 3 it i

and all subsequent mathematics hold with W¥¥ and W¥* replacing w"
and W, respectively, and the new direction is also feasible. The step

size is set at S . as before.
min

b,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+ 5D, 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 DMMOBl, 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 DMMOBL DM is used, all else being equal.
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Hence, the weight associated with DMMOB1 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:

Target description for each target in the defense area:
TGTLCV and TGTTAD are generated.

Defense missile specifications. (range9 probability of
kill): DMSPEC is generated.

Defense missile site data. (1ocation) number DM by type):
DMLOCO is generated.

Plausible attack corridor definition (entry and terminal
grid square): PACDTA and PACDMS are generated.

AM portion of the attack script: ATTACK is generated.
Heuristics for activation: activate appropriate heuristics.
Simulation and learning instructions (number of times to

cycle the attack script, whether or not learning is to be
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accomplished and, if so, what parameters to apply):
set CYCLE, LEARNING and REPEAT, or BOOKGAME.

h) Feature weights for initial use: vector WATE is set.

i) Run identification: store in RUNID.

Additional inputs to modify the environment or alter the run

parameters may be provided that are identified by the period
in which they are to enter the system. These inputs are read
directly by the Environment Interpreter.

Step the Environment Interpreter through E1l, E2, E3 and Ek,

setting up AMDATA and ALTERS for AM relevant to the current

period.
If not in a learning mode, step through E5 (make DM allocation)

and E6. Go to T15.

If key allocation is provided then go to T1lY7 else go to T5,

Recycle E2, E3 and EY to bring in the AM entering during the

next period.

Step D2.

Step D3 through D9 to evaluate features for a particular
allocation against AM currently in the system, not including
those entered in TS5, and determine minimum valued allocation
thus far.

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 D3 combination. Store

the resulting feature values in LFEAT.




l

Using the feature values stored in LFEAT,; if the value of

the decision function is minimum over all previous T8 alloca-
tions given this D3 allocation, then store LFEAT in LPFEAT,
(Note that LPFEAT contains the feature values of the current
minimum under this (fixed) D3 allocation. )

Repeat T8-T9 for all feasible allocations with this D3
allocation fixed.

If the value of the decision function using the features in
IPFEAT 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 D3 combination (stored on LBESTCOMB)
yielding the best overall allocation so far considering a
look ahead to the next period).

Repeat T7 for all feasible D3 combinations. On completion
go to T13.

If the D3 combination chosen in D9 is not the same as that
chosen in T10, 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 Ri as indicated

h,1.k,




Repeat steps T6 through T13 until the same D3 combination is
selected by D9 and T10 or the number of repetitions is equal
to REPEAT (a control parameter entered in T1, g).

Simulate the outcome of DM engagements (using the D1 or D9
allocation) using random numbers and kill probabilities.
(Note that if H4 is 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. )

Step E7 to update files and go to T2.

Read in key allocation.

Step D3 through D9 to evaluate feature for a particular
allocation against AM currently in the system. If this
allocation is the key allocation, store the feature values
in IPFEATURE, If this allocation has the minimum evaluation
so far, store the feature values in PFEATURE and the
allocation in BESTCOMB,

Repeat T18 for each feasible allocation then go to T20.

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
PFEATURE and F' = LPFEATURE

Adjust the weight repeats Ri as indicated in section 4.1.k4.

I
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Repeat steps T1l8 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 T1, g).

Go to T15:




IMPLEMENTATION

5.1 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 III 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 1.1) 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.

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.

0.2 FEstablishing 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 rget stem. This segment provides both congested metropolitan

I

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. P11, P12, DS7.




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.

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
both the decision process and learning technique. Subsets of this
attack were used as training attacks for the learning process. For
greater flexibility and 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.
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to zero, indicating that it was consistently contributing to the
selection of other than the key allocation.

absence of DBAIA (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 DBALT. 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)j 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

ame 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

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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or etec.) 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 (iheu, 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.
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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 (1), and the learning process reinitialized. Six

training attacks were established and they are:

TAl emphasizing mobility and balance,

TA2 emphasizing PAC coverage,

TA3 emphasizing expected loss tradeoff,

TA4 emphasizing the terminal phase of an attack through the PACs,

TA5 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.

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 DBAILA

weight is included on both to provide continuity.
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At the set 2 point, the logical operators described in section e 10

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 TIONE vs TLONEA,

Selection 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.

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 L4, 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,

Final changes to the learning process involved the step size.

Frequently the decision function will select an allocation with a value

TO




very close to the key allocation but quite different in missile selection
and, hence, in individual feature value. In such a circumstance it is
desirable to constrain the ensuing modification to reflect the near
equality of the two allocations. At set 5, a constraining factor, equal
to 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 this
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
this constraint from ever attaining key allocations only slightly
better than those selected by the decision function, a minimum bound

on step size is necessary and was added a set 6.




VI EXPERIMENTS

In 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 DBAIA 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,

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 final

a TDM with a kill probability of .95, the contribution to
AMZERO is only .5, and .7 to the decision function, easily exceeded by
volding a DM 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 (1).
If the PAC leads to an active target, then CUNDA would also be incremented
by one (1). If, further, the PAC leads to a locally undefended target,
then CTUND would be incremented and CTUNDA, also, if the target was
The cumulative effect then of voiding a single DM site could
be equal to 1.1, and even higher if DMMOB1l, DMMOB2, SOLDMA or SOLEDM
Similar grouping occurs when voiding a local defense
with contributions possible from AMZERO, TLUND, TLUNDA, CTUND
A final observation is that in the environment established
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

DBAIQ; however, as the DM sites reach the half depletion point, then

DBALH dominates both AMONE and AMTWO




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,

To 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
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 (1). 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".

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 S1 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 % of
Number Value Loss Maximum Targets Hit

WOE* , 7,5 P3, P6, S1, Sk, S5
1 40 25 53 1, sh
31.25 5, 1, Sk, 85

40 25 P3, 1, Sk
3 18.75 P3,
50 18.75 P3,
30 18.75
20 12.5

(identical to 7)
20 12.5

(identical to 9)

Initial Target Value:
Minimum Target Value:

Maximum Possible Loss:

f Their Eyes Technique. (see section 1.5)

Table 6.1




= —— —— NUMBER OF HITS
—_— EXPECTED LOSS

WEIGHT SET NUMBER
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Comparison Attack Number 1

with Probability of Kill of .75 (DM) and .95 (TDM)

Final Value % of
Value Loss Maximum Hits Misses* Targets Hit

80 50 1k 11 5, Pi, P&, PIZ, B1, Sh,

S5, S6

50 (same)

50 " (same)

L6.9 P53, P4, P6,
85, I2
P35, P35, Ph,
P54 PL, PG,
M1, P3, Pk,
S5,
B3, P6,
P2, PL,

(same)

(same)

Heuristics:

The number of times a DM or TDM missed an AM

Table 6.2




NUMBER OF HITS

EXPECTED LOSS

WEIGHT SET NUMBER

T T T T T

WOE 1 1 4 4 10 12

Figure 6.2 Comparison Attack Number 1 with Probability of Kill of .75 (DM) and




Comparison Attack Number 2 with Probability of Kill of 1

oet Final Value % of
Number  Value Loss Maximum  Hits Targets Hit

WOE 546 50 19.6 7 S2, 83, S5, 89, M1l, Mi12
571 25 9.8 3 s2, 87, M1l
586 10 3.9 1 se

Initial Target Value:
Minimum Target Value:

Maximum Possible Loss:

Heuristics: 2, 4, 5, 9

Table 6.3




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. Pk 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.

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 environment
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.




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.

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, ete.);
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 religbility 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.




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.
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APPENDIX A

Program Listing

BEGIN nuoLoo10 ARCO0010

CUMMENT NUTER 3LOCK UF ACTSS 00000020 ARC00010

INTLGER MAMDATA»NAMDATA, MSERNTA,NSQRUTA ,MATTACK,NVATTACKsNDMSPEC,»NQU0OV0030 ARC00020

MTGT» NTOLLIST»>MNDMLOCOsNTYPE,MPAMDTASNPAMDTA» MPACUTA, 0u0v0040 ARCUO030

NFEATURESS 0000050 ARCLO030

RLAL ARRAY XXXXXX[031])3 00000060 ARCU0040

DEF INE TYPATK=XAXXXA[O)#} o0uvovou7o ARCOO040

FILE DATAIN "SRMCARC"(2,10)sDATANUT 4(2»,15): Nu0000B0 ARCU0050

FlLE PACDTAF DISK SERIALF1:15) "CAIILERD"™ "PACDTA"™ (¢1+30); 0pouo00Y0 ARCOO060

FILLE PACDMSF DISK SERIALI118] "CALLERQD™ "PACOMS"™ (1+30); 0u0L0100 ARCLO0070
ELLE 9ul PIUNCHF 0(2»,10)3 0y0Lo110
LABEL STARTNEWPRUBLEMENDAFRUNSF 00000120
STARTNEWPRUBLEMIWRITE(DATAUYTIPAGEY) 00000130

READ(DATAIN, /s MAMDATANAMDATA,MSARDTASNSQAINTASMATTACK, 00000140 ARCO00bB0

NATTACKsNDMSPEC, MTAT NTDLIST,MOMLOCO,NTYPF,»MPAMDTA 000V0150 ARCO0090

NPAMDTA»MPACDTA,NFEATURES)Y S 00000160 ARC00090

BEGIN 0vo00170 ARCO0090C

CUMMENT MAIN BODY OF ACTS: 00000180 ARCO0100

INTEGER IoJsKsKASNTGTsN3s» NTYPT,NPACUTASNPAC, AMNDET » AMNOW » 00000190 ARCO0110

ESTOTAMs LASTPROW»LASTPCO| »| ASTALT, TWOCOR,THREECUR»KB, 00000200 ARCOO120

KCo»KD»KEsKF »KGy ALTERSUONL,ITUMZERO, ITDMONE» ITDMZEROQA, 0p000210 ARCO0130

ITDMONEA>, MINATT»CURATT, REPEAT,TREPEAT, AMIND,CYCLE, 00000220 ARCO0140

INITUNC» V1sV3sTVI»TV3»LV1sLLV3s, WRAC,NPACDMS>» 000V0230 ARC0O150

ACTIVEINDEXs FUTALT,NEXTALT, FINALT» MAXAMDT, NUMGRPS, 000V0240 ARC00160

GRPNOW,GRPCUTOFF» SAVECYCLE» NDMsMSQR,NSAR»PERTOUsNAM, 00000250 ARCOO0170

ALTXsLaTGTAFFTDMAFF,EVALCNT» SUBEVALCNT 00000260 ARCOO0170

BUULEAN HEURISTIC?,HEURISTIP3,HEURISTICY4,EEAS, TDMONE, TDMZERD, 00000270 ARCO00180

ACTVTGTs» SWUKs LEARNING,FLAG, AMFLAG,PACIN, REBUILDPAC, opovo280 ARCO0190

FLGA»HEURTSTICB, RONK1»BONK2»NEWWATE, ADJWATE»COMPARUN» 000002%0 ARCV0200

OUT1»0UT2,0UT3, OUT7,HEURISTIC9»HEURISTICY1, HEURISTICS, 0u0uv0300 ARCLO220

HEURISTICAHsHEURTSTICINs ANSWEFR,ANSCOMRs ANSWAS»| SAVE, 000v0310 ARC00220

HEURISTIC7»NODEFENSF»NOTGT»TOOLATE,FIRSTPASS,RSEEDSBPACS 00OU0320 ARCO0230

V25 TV2,LV2sCHsCHN,MAXPERIOD,MINTGTVAL»TOTVALUE»F INVALUE» 00000330 ARCO0240

TCsTD» TsTAsTBsTMESTDMPROBNESTPROB» VAL LIs XVALU>» 00000340 ARCU0250

RANDOMSEED 00000350 ARCOO?250

INTEGER ARRAY SORX»SQRY[O*100)» INYCITOSMTGT 1»TDLISTLOINTNDLISTI, 000003060 ARCO0260

ANSINDEX[O:10),REPWATELOINFEATURES]I»BDOKANSWER[O230,0810100000370 ARCV0270

» DMVDIDCOSNTYPFEI»OMCOUNTLOIMDMLOCOY, AL TERSIOtMAMDATASO: 00000380 ARC00280

111, SDLOCULOIMDMLOCOXNTYPE1» SQRTGTCLO!MSQARDTA,O0iNSQRDTA,00000390 ARC00290

01151, BESTCOMB, LBESTCOMBLO:301»ACTGTIO0t2,0t71,GKO0UPSTIO: 00000400 ARC0O0300

MOMLOCOY» RUNIDCO:4Ys DLISTLO:NTDLISTI»TDMTIGTIOIMTGT,0: ovou0410 ARCO00310

151, BESTALT[(OtMAMDATA), PACDMS[O0:2391,SDMYLOSNTYPED, 00000420 ARC00320

SOLEDM»SOLOMALO:1])» TGTTADLO:MTGT»0:5]1,SQROTATOIMSQRDTA, 00000430 ARCO0330

O:NSQRDTAI,AMDATACLOIMAMDATA, O:NAMDATAI,PACDTALOSMPACDTA»N0000440 ARCO0340

01631sPAMDTATO:MPAMPTALOINPAMNDTA]} 000V0450 ARCO0340

REAL ARRAY INTA» INTBLOSMTGT 1,ATTACKIO:MATTACK»O:NATTACKY, PFEATS 00000460 ARCULO360

PFEATURE »LFEATURE,LPFEATURE» INPFEATIOSNFEATURES]» 00000470 ARCU0360

SAVEINFLO03150), NDMLOCNCOIMDMLNCO,0:NTYPE+3)»TGTMNX[O: ouov04s0 ARCO0370

MTGTIs TGTLCVIOIMTGT»0:4)» WATE,XWATE, INFEAT»INLFEATIOS 0uv000490 ARC00380

NFEATURES)» DMSPECINt2XNTYPEI,FEATURE»TFEAT»XFEATIO® 00000500 ARC0O0390

NFEATURES 1 00000510 ARC00390

ALPHA CNDE} 00000520 ARCULO0400

LABEL FULLsFINISH»SIMRESULTsNEXTPFRIOD,REPORTS,PROCESSS 00000530 ARCVO410

FORMAT TGTINCA4, AG» X3, A65XY54 13,X254 R7T405X2,RUL0)»A(A3), 00000540 ARCO0420

LREST("LBESTCOMBR™ s XU, 15C12,12,X3))5 BESTC("BESTCUMB ", X4,00000550 ARCOOQ440Q

15€¢12,125X3))» BESTA("BESTALT "y XB515012212,X3))» 00000560 ARCO0450

NNHEURC"HEURISTIC™»12,™ [S SPECIFIED Bur Is ALWAYS SeT") 00000570 ARCO0460

» KILLAM(/™AM ", 13," DESTROYED DURING PERIOD",I14»" By ", 00000580 ARCLO4TO

A3»"™ SITE",14), COMRINC 0u0bu05Y90 ARCO0480

"TOTAL ALTERNATIVES WITH HEURISTICS™,I10,", WITHOUT™, 00000600 ARCUO4B0

[107)s FUTDEST(/"™AT PERIODD", 14, 00000610 ARCUO4YU




" OTHERE 1S NO NFFENSE AGAINST AMY™,14," ATTACKING Ty

s A6, THE RESULT wILL BE aS FOLLOAS ")y, NESTTGLT(

WAIGLET "000U0620

000U0A30

NTARGET "sAb6," STRLEA DURTING PERIODD™» Tl RY AH", 14 0pov0b4EY

M TARGET VALUF IS5 NOW"»F11.7/)3

SWITCH FORMAT  HENRE ("DUMMY™) . C"HEURISTIC | USE 2AC LUNKAHTAD™),
PERTQL"OVVUOA/O

“"HEURISTIC 2 USE TDM ON A4 ARRIVING AT TARGET TN CURRENT

0pouo650
( NdUlebY

Yo ("HEURISTIC 3 ALWAYS PRAVINE NDOURLF DFPTH DEFENSE C",00000680

"AVERAGE™ ) »
MHEURTISTIC 4 sk KYLL PROBABILITY DF 1 FOR DM AND
» ("HEURISTIC S APOLY INNDEPEMOYNT AM PLANNING®)

0u0u06Y0
TOM") 0uOL0700
0ulL0o710

"HEURISTIC 6 APPLY PRESPECIFIEN NM GROIP PLANNING™), ( oubu0o720
CHEURISTIC 7 1SF WHITES OF THFIR FYES NEFENSE STRATEGY™)000CO7 30

s ("HEURISTIC B DEFEND OWLY TARGETS WITH EXFECTED
YE > MINTGYVAL®™Y, €

VALU"»000ULOT740
0pdun750

"HENDRISTIC 9 SFLECT ON DECISINN FUNCTINN VALDL UNLY™)} 0u0U0760

DEF INE FARI=FOR T1¢0 STFP 1 UNTIL #,
FORI1=FUR 1€1 STEP ¢ (INTIL #»
FARJ=FOR J¢0O STEP 1 UNTIL &,
FORJI=FNOR J¢1 STEP 1 UNTIL t,
FORK=FDR KeO STFP { UNTILZ#,
PACNDTAN3=PACNDTAIN3,F3AiA),N3 T42:0) T4

CUMMENT CHEKBIT 1S TRUE 1F BIT B IN WORD A I35 SET
BUULEAN STREAM PRNCEDURE CHEXKBYT(A,R):
VALUE B
BEGIN
SleAs SKIP B SR; TALLY«O:
IF SB THEN TALLY&13 CHEXRITeTALLYS
END CHEKBITS

CUMMENT SETBIT SETS RIT R IN wORD A TO 1
STREAM PRUCEDURE SETBIT(A»H);
VALUE B
REGIN
DIeAs SKIP B DA DSeSETS
END SETBITH

CUMMENT CLEARBIT SETS BIT B IN WORM A T 03
STREAM PROCENURE CLEARBIT(A,R):
VALUE R}

REGIN

DI¢AS SKIP B DR: DS«RESETS

FND CLEARBITS
STREAM PROCEDURE PICKCHARS(SRCFE»NDERTsSCHR,DCHRINCHR )
VALUE SCHReDCHR»NCHR

REGIN

ououorro
Nuou0700
0u0dLO7v0
0u0u0BVL
nuooosl1o
dopdooslo
Gooug8 30
Ouu0B40
0LOu0850
D¢ 000BLO
oudoyud’Zo
(ORVESKVRORSR-X0)
(OVICAVIVE B R0]
000u0900
0u0uN91L0
0VoL0920
0u000930
0u0OV0940
0u0u0Ys0
NVOL0960
00000970
00000980
000LO9YY0
0vlv1000
0pdu1010
ouwoLto2o
Ou0U1030
0uoLi040
000uv1050
000010060
00001070

CUMMENT TRANSFER NCHR CHARACTERS OEGINWING WITH THE SCHR CHARACTEROULCU1080

IN SRCE TU OEST BEGINNING AT THE NCHR CHARACTER IN DESTS
SI€SRCES STeST+SEHRS STesI=13 DIeDFEST;
DI€DI+DCHRE DI€NT=13 NDSe€NCHR Crirs
FND PICKCHARS:

00v0010Y0
00001100
00001110
0u00L1120
00001130

CUMMENT BREAKDMWORD UNPACKS DMWORD [N THE FURM STORED [N TABLE AMDATA Ju0u1140

AND PUTS THE NUMBER OF RELFVANT TIME PERLODS IN A, FTRST
TIVE PERIOD IN B, OM SITE NO, IN C AnD DM TYRPF [N D;
STREAM PROCEDURE BREAKDMWURD(DMWNARMsA»R»Cal)
REGIN
SI¢DYNORDS STeST#23 D1eAd NSeB | IT "0
D1€B3 DS&€RB LIT "A™3 DleCs NS€8 LIT "on;
DIeDN? DS€R LTIT "Nn"3 DI«A: DI€DI+7}F DS€CHRIS

NDIeR DI€DT+AF DSe? CHR: DIeCs D1eDT6HF

EFFEC= 000L1150

0u0U1160
00001170
00001100
00uL1190
00001200
00ov1210
0u0L1220

ARCUOS50U
ARCO0510
ARCUO0S10
ARCUOS520
ARCOOS22
ARCUOS?27
ARCLOS23
ARCO0524
ARCOOS?24
ARCUQS526
ARCLOS27
ARCOOS2/
ARCUQCS2b
ARCOOS5?2Y
ARCUQS2Y
ARCUO0S530
ARCUOS534
ARCUOS40
AKCLOS540
AKC00550
ARCU0S50
ARKC00S51
ARCLO551
ARCOUSBU
ARCOO0560
ARCLOS6U
ARCUQSTU
ARCOO5T7C
ARCUOS70
ARCLOST7
ARCOO0S571
ARCOOSBO
ARCUOSEU
ARCLOSBI(
ARCUOB90
ARCLOS9V
ARCUO0S91
ARCO0591
ARCUQE0U
ARCQCO600
ARCU06O0O0
ARCU0610
ARCUO61U
ARCOO0620
ARCUO6 3
ARCLO6 30
ARCULOG6LO
ARCLO65V
ARCUVG6U
ARCUCGO0
AKCOO6T7 UL
ARCUOET1
ARCLUO671
ARCUO672
ARCUDET7 2
ARCOOBBU
ARCUOED

ARCUDGEY U
ARCUO6Y O
ARCOO70C
ARCUO700

Y




NSe€? CHR} DIeD: PMIeDI+75 USe CHRS 0u0L1230 ARCOOT7 10

END BREAKUMWNRN; Nu0L1240 ARCOOT10

0v0V1250 ARC00721

CUMMENT ACTLIVE IS TRUE IF THt TARGFT TYPE GIYEN IN A ITHCLUDOLS A CHARKACTKOUOL1260 ARCUOT721
IN THE ACTIVE TARGET LTIST GIVEN IN B3 oubv12/70 ARCOO7Z2

BUULEAN STREAM PROCLDURE ACTIVF(AsR); 0,001280 ARCOO0T72C
REGIN 0uou1290 AKCOO720

TALLY€N} SIeAd HeIF SC="n" THEN JUMP (UT} 0V0V1300 ARCOO0730

DI1€B3 A(IF SC=0C THEN TALLY€1: Ou0ul310 ARCO0730

IF TOGGLE THFM JUMP QUTS SY«SI=1)3 npoL1320 ARCLO7 30

IF TOGGLE THFN JUMP OQUTS STeSI+1); 0v001330 ARCOOT740

ACTIVE€TALLY? 0u0U1 340 ARCOO740

END ACTIVES 0p001350 ARCOO0740

BOOLEAN STRLAM PROCEDURE ISIN(R,C)YS 0u0U1360 ARCOO0750
REGIN 0uoUL1370 ARCUO750

CAMMENT TRUF TF CHAR C IS IN k300001380 ARCUOTS50

SleBi UVI€C; DIeDI+75 TALLY«OS Quov13Y%0 ARCUOQT760

BCIF SC=0C THEN TALLYe1} 0u0L1400 ARCOO7 60

[F TOGGLE THEN JUMP NUTS DIeDI=~1)18 ODuluU1410 ARCUOTT70

ISIN€TALLYS 0p091420 AKCOO0T770

FND ISING Q0001430 ARCOOT 7Y

INTEGER STREAM PROCEDURE UCCURCVECTURAN»WOD»VCsWCrNC) S 0p0U1440 ARCOO780
VALUE VEsWCH»NCHN3 0u001450 ARCOOTBO
REGIN 0uOU1460 ARCUOT780

COMMENT OCCUR IS INDX IF THF NC CHARACTERS IN WD STARTING AT 0C0u14/70 ARCUOT7 90

CHAR WC OCCUR IN THE FIRSIT N WORNS NF VECTUR IN LOCATION VCs[F THERE OudUluoy ARCLOOBOO

1S NO MATCH THEN OCCUR=N; ouitu1ay0 ACU08B10

STeWDs S1eST+WC3 SIeSl=1; NI«VECTOR: QuLU1500 ARCO0B20

DIeDI+VC? DIeDI=13 TALLY«O; (VIVEVAVA B W) ARCO0B20

NCIF NC SC=DC THFN JUMP NUT; TALLYe€TALLY+1?} 0uou1520 ARCULOB30

ST€SI=NC3 DIeNI=NC: DI«DT+8)5 OCCUR«TALLYS 0001530 AKRCUOBUO

FND 0OCCUR3 0V0OU1540 ARC0O0B40

00001550 ARCOO8B41

COMMENT PACKWORD PACKS THE LAST CHARACTER [N THE FIRST 8 WORNS IN VECTUOROOQU1560 ARCLOB41
INTU WORDsUUNPACK REVERSES YHF PROCFSS; 000v1570 ARCLUOB4?2

STREAM PROCEDURE PACKWORD(WORD,VECTOR) 00001580 ARCOO0OBS50
REGIN 0u001590 ARCOOBS0

DIeWORND} STeVECTNR! B(SIeSTI+73 DS¢CHR)? 0u001600 ARCO0860

END PACKWURD Np0U1610 ARCOOB70Q

STREAM PROCEDURE UNPACK(WD»v); 002V1620 ARCO0OBBO
REGIN [VIVIVARCRT) ARCOOBBO

SIe«WDj D1evi AR(DSe? LLIY "0000000"; 0u0U1640 ARCOOBBO

DS€CHR) 00001650 ARCUO0BYO

END UNPACK; 00001660 ARCU0890

Nuov16/0 ARCLO0B91

COMMENT MOVEWORD STORES WURD A [N WORD B; 00001680 ARCUOR91
STREAM PROCEDURE MOVEWORDC(A,R); 000016%0 ARCUO900
REGIN 00001700 AKCUO0Y00

SIe«A? DI€B} NSeWnNS; 000V1710 ARCUO90U

END MOVEWURD; 000V1720 ARCV0900

000UL1730 ARCO0901

COMMENT SETUNES SETS EACH BIT IN WNRD W TO 1% 00OV 740 ARCL0901
STREAM PRUCLDURE SETONES(W); 0uVL1750 ARC00910
REGIN 06001760 ARCUO910

DI¢W; DS€48 SFT; 0u001770 ARCL0910

END SETONESS 00001780 ARCO0910

00001790 AKCO0911

CUMMENT PACVALUE 1S A DuMMY PRNOCEDIRE TU PERMTT FUTURF EXPANSTUNS 00001800 ARC00911
REAL PRUCEOURE PACVALUES 000L1810 ARCO0S 30
REGIN 0000L1820 ARCO0930U

PACVALIE€D} 00p0u1830 ARCUO93u

~




CUMMENT

CUMMENT
BUULE AN
VALUL

INTEGER

INTEGER
LAHEL

FINS
CUMMENT
INTEGER

VALUE
INTEGER

INTEGER
LABEL

RANUY
CEDUR

CUVERE
PRUCEDUK

IMeREDL (
2 1139)

Te

b

[

REMUM TS
FUR AM W
PRUCFDUR
&
R

REGIN
)3
FINS
SR J¢
THEN (VP
BEAIN DuL0?
COVEREND® TRUFE 30 ) 15 YU U2
ENDG NuOLP
CUVERED«FALSF S Y002
FND COVERED? Ouuu?
0Du0L2Y 40
THE MNUMRBEKR 0F ot IR IUNYITIES A > Lt 0udu?2120
ITTH DATA SITOrRED T U ROW )€ TA3LE A 0pouR160
FREMDMIRUNSPFR) 3 000u2170
NWyFERT Ouvlbu2160
NW»PER 0uQuU21Y0

EGIN 2000v22u0

COMMENT COUNT THE UEFENSE NOPPHRTUN[TI LOWTNG Plr PFR; oudu

ToKoKA KBoKCor RN, XE » KF 5
FIN, L2sL15
KFEeALTERSTRNW, 3¢
TF PER=AMDATATALYEFRSIRIN.0T+2) THEN
HEGIN QuOuP260
Ke03 GO TN FIM NudLR270
END 0 )2200
KAcKHeKCeKNeweD
KECAMDATALAL TERSIROW,0U]»3 1
FOR 1e€2s9 3505 NN [F TOLIS TGTYTAD(KFEL]1I>0 THEN
HEGILIN
Kels GO TR L1
END G
FUR 1€8 STFP 1 UMTTIL KF NU
HEGIN 0p0L2360
BREAKDMWORDCALTFRSIROM» [1rKA» K3 ,4Cy KO3 Nulu23ro
IF KB=0 THEN A0 T0 L23 KEekB+KAL 0uoL2300
[F KE>PER AND NAOT CHEXBITIDMYDINIKD] »KC) THEN Kew+0QuOUR3Y0
KE=(ClF PER<KR THEN KB=1 ELSE PERY: NpOUL2400
ENDS 000L2410
REMDMeK ; 000V2420
FND REMDM; DulUL2430
QuOu24490

AR

ARC

ARC

ARC

1 C

ARCL

ARC

AR
ARCU1040
ARCulO4U
ARCUL040
ARCULI051
ARCUL0S1
1KC01052
ACO01050
ARCUTIC5C
ARCULICHU
ARCUTIOSC
ARCUL106U
ARKCULI07U
ARCULO7U
ARCULOT7 U
ARCULOSBC
ARCUL108V
ARCU1080
ArCu1080
AkCU1090
ARCUL10Y0
ARCU1100
ARCUL110C
ARCO1100
\kCul1du
ARCUL1110
AKCUL110
AkCul120
ARCL1120
ARCUT13U
ARCO11 30
AkCUL1130
ARCUT14U
ARCU1140
ARCUT151

A 4 EE e




ii
Il

CUMMENT HEUR? IS TRUE IF HEURISTIC H?> APPLIES TB THE AM STOKED IN AMDATAO00002450
ROW I DURING PERTIUD P} 00002460

BUULEAN PRUCEDURE HEUR2(I,P)} 00002470
VAL UE 1,P3 00002480
INTEGER 1,P3 00002490
REGIN 00002500

HLURZ2€FALSES IF NMOT HEURTSTIC2 THEN PeD} 00002510

1F P=AMDATA[T»?] AMD AMDATA[I,4120 THEN 00002520

BEGIN 00002530

1€AMDATALT»31) 000V2540

FUR P€2,3,4,5 DO IF TDLISTITGTTADIIAP)I>0 THEN 00002550

HEUR?2¢«TRUF 00002560

END 00002570

END 00002580

00002590

COMMENT HEUR3 IS THE INDEX IN ALTERS ROW N WHICH SATISFIES THE PROVISIUNOOOL2600
OF HEURISTIC H3; 00002610

INTEGER PRUCEDURE HEUR3(N)} 00002620
VALUE N3 00002630
INTEGER N3 00002640
REGIN De0U2650

CUMMENT HEUR3 ID INDEX OF ALTERS ROW N SATISFYING HEURISTIC 33 00002660
INTEGER AsBsCsDslsdsKsLoAN3S 00002670
LABEL FINsSETH} 000L2680
AN3€ALTERSIN,3); 00002690

IF NOT HEURISTICY MR AN3=5 THEN 00002700

BEGIN opov2710

HEUR3€AN3; GO TO FIN} 00002720

ENDJ 00002730

L€ALTERSIN, 11413 IF L=1 THEN L¢5} Ke0j opov2740

IF NOT BPAC THEN 00002750

BEGIN 00002760

FOR J#AN3 STEP ={ UNTIL L DN 00002770

BEGIN 00002780

BREAKDMWORD (ALTERSIN,J]1»A5B,C,D)} 00002790

IF A#0 OR K#0 AND K#B THEN GO TO SETH} 00002800

KeB3 00002810

END FORJS 00002820

IF J=4 THEN 00002830

BEGIN 00002840

Jeb3 GN TO SETH 00002850

ENDJ 00002860

HEUR3¢J} GO TA FIN} 00002870

END ELSE 0p0u24880

BEGIN 00002890

FOR J€AN3 STEP =1 UNTIL 5 DO 00002900

BEGIN 00002910

BREAKDMWORD CALTERSIN,J)sA,38,C»0)3 00002920

IF DMLNCOCEesN+3]>1 THEN GO TO SETH 00002930

END FORJ? 0p002940

HEUR3€AN3t GO T0 FINS 00002950

ENDJ 00002900

KéBj 00002970

FOR JeJ+1 STEP 1 UNTIL AN3 DO 00002980

BEGIN 00002990

BREAKOMWORD (ALTERSIN,J)sA»B»CsD)} 06003000

IF B#K THFN 06003010

BEGIN 00003020

HeUR3eJ=13 GO TO FIN® 00003030

END 00003040

END FORJ} 00003050

ARCO1151
ARCO1152
ARC01150
ARCD1150
ARCD1150
ARCO1150
ARCU1160
ARCO1170
ARCO11T70
ARCO1170
ARCU1180
ARCO1180
ARCO1180
ARC0O1180
ARCO1181
ARCO1181
ARCO1182
ARCU1190
ARCU1190
ARCO1190
ARCO119C
ARCO1700
ARCU1210
ARCO1210
ARCO1210
ARC01220
ARC01220
ARC01220
ARC01220
ARCO1230
ARC01230
ARC01230
ARCO1240
ARCO1240
ARCU1250
ARCU1270
ARCO1270
ARCO1270
ARCO1280
ARC01280
ARC01280
ARC01280
ARCO1280
ARCO1280
ARC01280
ARC01290
ARCO01290
ARC01300
ARCO1310
ARCO1310
ARCO1310
ARCO1310
ARCO01320
ARC01320
ARCO1320
ARC01330
ARC01340
ARC01340
ARCO1340
ARC01340
ARCO1340




HEUR3¢AN3;
FINS END HEUR3J

COMMENT FINUDGROUPS ELSTABLISHES PLANNING GRNUPS FOR AM STNREU IN TABLE
ALTERS BEGINNING WITH RCW ® AND INCLUDING ROW Ej
PROCEDURE FINDGRNUPS(BsF )3
VALUE BrEs
INTEGER BsEj
REGIN
COMMENT SET UP GRNUPS » NUMGRPS AND ALTERSIX»1113
INTEGER IoJsKsLoPsTGaXsYaZsKArKBS
LABEL LENDK}
INTEGER ARRAY WGRPLOSNUM» OSNDMY
FOR KeB STEP 1 UNTIL t DN
BEGIN
ZEALTERSIK»3) S
IF ALTERSIK»Z21=0 THEN Z¢Z=13
IF 7<5 THEN GN TO LENDK]S
FOR Je5 STEP 1 UNTIL 7 pN BREAKDMWORDCALTERS[K,J1»
I»IsWGRPIO,J=U1s 1)} WARPLO,0]€7¢7=4}
IGeNs TF K=B THEN
BEGIN
L€l FORJ Z DO WGRP(1sJ)€WGRPTNsJ T}
GO TN [LENDK
END3
FORI1 L DN FORJY WGRP[I«0) DO FOR Pef STEP 1 UNTIL
WGRPLO,0) DO YF WGRPLT»JI=WGRP[O,P]) THEN
BEGIN
IF 1G=0 THFN
BEGIN
I1Ge¢T} XeN
END ELSFE Xel; ZeWORPTIG»01}3
YEWGRPTX»055

00003060
00003070
00003080
0B003090
0u0V3100
00003110
00003120
00003130
00003140
00003150
00003160
00003170
00003180
00003190
00003200
00003210
00003220
npob3230
00003240
00093250
00003260
00003270
00003280
00003290
00003300
0pNL3310
00003320
00003330
000U3340
0u0u33so
00003360
00003370
00003380

FOR KA«1 STEP { UNTI| P=1 DO WGRP[IG,KA+Z1e€WGRPLOV0033Y0

X»KAJ} KBe«Z7+P=1,
FUR PeP+1 RTEP 1 UNTTYL Y DD
BEGIN ?
FOR KAet STEP {1 UNTIL Z DN IF WGRP[IG»KA]=
WGRPIXsP]1 THEN KA«99;
IF KA<98 THEN WGRPLIGsKBe¢KR+11€WGRP(XsP)
END
WGRP[IG»0)&KR}
IF X#0 THEN WGRPILX,0]«03 ReJeNDMS
END 1F WGRP AND FORI
IF 1G=0 THEN
BEGIN
LelL+13
FORJ WGRPTO»,0] D) WGRPILsJ)¢WGRPIO»J]3
END 3 ;
LENDK ¢ END FOR K LOOP;
K€03 FORI NOM DN GRUOUPS[T1e0}
FORI1 L OO
BEGIN
P¢WGRPLIs013 TF P#0 THEN
BEGIN
KeK+1;
FURJL P DI GROUPSIWGRPII»J1)eK;

FUR I«R STEP 1 UNTIL E DO ALTERSIT»1131¢GRUNPSTLALTERSC
[»51.030812115 NUMGRPS«K$

00003400
00003410
80803438
00003440
00003450
000V3460
00003470
00003480
00003490
00003500
00003510
00003520
00003530
00003540
00003550
000U3500
00003570
000V3580
00003590
00003600
00003610
00003620
00003630
00003640
0Vv0L3650
00003660

ARCO1340
ARCO1350
ARCU1371
ARCO1371
ARCO1372
ARCO1370
ARC01380
ARC01380
ARCU1380
ARC01390
ARCO1400
ARCO1400
ARCO1410
ARCO1420
ARCO1420
ARCO1420
ARCO1430
ARCO1430
ARCU1440
ARCO1450
ARCO1460
ARCO1460
ARCU1460
ARCO1460
ARCO1460
ARCO1470
ARCO1480
ARCO1480
ARCU1490
ARCO1490
ARCO1490
ARCU1490
ARCO1490
ARCO1500
ARCO1500
ARCU1510
AREG1338
ARC01520
ARCO1530
ARCO1530
ARCU1540
ARCO1560
ARCO1560
ARCO1570
ARCU1570
ARCO1570
ARCO1570
ARCO1570
ARCO1580
ARCU1590
ARCU1600
ARCO1600
ARCO1610
ARCOU1610
ARCU1610
ARCO1610
ARCO1610
ARCO1610
ARCU1620
ARCO1630

HE S oE I WE Ew i B S E




COMMENT ATKTYPE

END FINDGROUPS S

HPDATES TYPATK (TYPE 0OF ATTACK LIST) GIVEN THAT TARGET

IS UNDER ATTACK IN PERION P;

PROCEDURE
VALUE
INTEGER

INTEGER

ATKTYPE(T»P)
TP
T,P;
REGIN
TrJsKAS
UNPACKCTGTTADIT, Y 1,ACTGTIC,~1);
FORI 7 DU
BEGIN
KA€ACTGT[O,11}
IF KA#"™ ™ THEN FORJ 7 DO IF KA=ACTGTI1,J] THEN
HEGIN
ACTGTI2sJ1ePs Je7
END
END}
FOURJ 7 DO ACTGTIO,J1«03 J€0;
FORI 7 DO IF ACTATI2,11>P=ACTIVEINDEX THEN
BEGIN
ACTGTLO»JI€ACYGTL 1,113 Jed+i
END}
PACKWURDCTYPATK,ACTGTIO,%])8
END ATKTYPELS

COMMENT COMBOUT WRITES OUT DM AND TDM INFU STORED IN TABLF ARR3}

PROCEDURE
VALUE

INTEGER
INTEGER ARRAY

INTEGER

CNMBOUTCARRAN) }
N3
N3
ARR[O0)3}
BEGIN
T>KsKA»KBLKC, KD}
KAe(IF N=1 THEN FIHALT ELSF LASTALT); Ke=1}
WRITECDATAOUT [DRLI)}
FORI KA DO
BEGIN
BREAKDMWORDCARRITII»KB,KBsKCsKND)
IF KB=0 THEN
REGIN
INTCITKeK+1 160
INTCIKe¢K+11€ARRIT]
END ELSE
BEGIN
INTCIKeK+13eKCi INTCrKeK+1lekD
END
END 3}
IF N=1 THEN WRITF(DATADUT,»LBEST,FORI K DO INTCCID)
ELSE
BEGIN
WRITE(DATADUTABESTC,FORT K DO INTGLI1)}
Ke2x(FUTALT=13+1) KBe=1}
FORI FUTALT=1 DO
BEGIN
KA¢CKR+1} KBeKA+1;
TF BESTALTFT1=0 THEN INTCLKAJ¢INTCIKR]«O}
ENDJ
WRITECDATAOUTSBESTAL,FNRI K DO INTCI[I])}
ND
END COMBOUT;

00003670
0u0U3680
100003690
00003700
00003710
00003720
00003730
0v003740
00003750
00003760
00003770
00003760
0v003790
00003800
0003810
00003820
00003830
00003840
0u003850
00003860
0pou3sr7o0
00003880
00003890
00003900
000V3910
00003920
00003930
00003940
00003950
00003960
00003970
0v003980
000V3990
00004000
00004010
00004020
00004030
00004040
00004050
00004060
00004070
00004080
00004090
00004100
00004110
ooov4120
0v004130
00004140
00004150
00004160
00004170
00004180
0pov4190
00004200
0v004210
00004220
00004230
00004240
00004250
00004260
00004270

ARCL1630
ARCC1631
ARCO01631
ARCC1632
ARCUL1640
ARCO1640
ARCO1640
ARCU1640
ARCU1640
ARCO01650
ARCO1660
ARCO1660
ARCO1660
ARCO1670
ARCO1670
ARCU1670
ARCU1670
ARCO1670
ARCUL1680
ARCO1680
ARCO1680C
ARCO1£690
ARCO1690
ARCO1690
ARCO1690
ARCO01691
ARCO1691
ARCU1700
ARCO1700
ARCU1700
ARCO1700
ARCO1700
ARCU1T710
ARC0O1720
ARCO1730
ARCU1740
ARCO1740
ARCO1740
ARCO1750
ARCO1750
ARCO1750
ARCO1750
ARCO1750
ARCO1750
ARCO1760
ARCO1760
ARCO1760
ARCO1L770
ARCO1770
ARCO1770
ARCO01780
ARC01790
ARCO01790
ARCO1790
ARCU1790
ARCO1800
ARCO1800
ARC01810
ARC01810
ARCO1820
ARCO1821




COMMENT MULT CALCULATES THE SuM OF THE PRODUATS OF ’ S IN ARRAYS 00004280 ARC(1821
A AND R AND STURES THE RFSIILT IN WORD C» S RATION VAR; 00004290 ARCC1822
PROCEDURE MULTCA»B»CrIsN); 00004300 ARCO1830
VALUE N? oo0v4310 ARCC1830
ARRAY A»BLODD 00004320 ARCC1830
REAL C; 00004330 ARC0O1830
INTEGER N»T3 00004340 ARCO1830
REGIN 00004350 ARCO1830

Ce¢03 FORL N NN CeC+A[]IxBLI1} 00004360 ARCU1840

END MULT: 00004370 ARCO1840

PRUCEDURE GENTARGETSS 00004380 ARC01850
REGIN 000V4390 ARC0O1850

COMMENT KEAD DATA,GENERATE AND SORT TGBTLCV,TGTTAD AND TGTMNX} 00004400 ARC01860

LABEL L1,L2,L 3% 00004410 ARCO1870
DEFINE LOADSQRTGT=KF¢SARTGTIK,Js0)¢SQRTGTIK,Jr 041} 00004420 ARC01880
SQRTGTIKsJsKEJ€T #3 T1¢03 TeO3 TA€OS 00004430 ARCO1890

L1t T€l+13 READ(DATATIN [NDI»A»CODEICL2]S 00004440 ARCO1910
IF CODE# "T ™ THEN GO Tn .27 00004450 ARCO1610

READCDATAIN ,TGTINsCODE»FORJ 5 LO TGTTAD[I,»JI»FORK 4 00004460 ARCU1920

DO TGTLCVII1,K1)3 INTALTIJeTGTLCVIIL0D: 00006470 ARC01930
TBeTGTLCVITI,21=TARTLCVII,N]? Cu0v44B0 ARCO193C

IF T<TB THEN T¢TRj 00004490 ARC01930
TUTVALUE€TOTVALUE+TGTLCVIT, 413 00004500 ARCL1940
UNPACKC(TGTTADII»1)5INIC)} KACACTGTIO0,01)} 00004510 ARC01950

FORJ 7 DO 0u0L4s520 ARC01950

BEGIN 00004530 ARCO01950

KB&«INTCTJ]} 000UE540 ARCU1950

IF KB#™ " AND KB#0 THEN IF XA+1=NCCURCACTGTC1sx], 00004550 ARCO01970

KA+1,KBs»BsBs1) THEN 00004560 ARCU1970

REGIN 000U4570 ARCO1970

ACTGTI1,KAY€KR} KA«KA+1 00004580 ARCCO1980

END 00004590 ARC01980

ENDJ 00004600 ARCO1980

ACTGTLO,0)¢KA} NTYPTeKAF GA TO L3 00004610 ARCU1990

KA¢I=1! FORJ1 KA DD 0V00L4620 ARC0O2000

BEGIN 00004630 ARCO2000

TAe=1J 00004640 ARC02000

FORI1 KA DO TF TA< INTALI] THEN 00004650 ARC02010

BEGIN 00004660 ARCO2010

TACINTALI]} Kels 00004670 ARC0O2010

END3J 00004680 ARC02010

TGTMNX(JI€INTACK]IS INTC[J)eK 3 000V4690 ARC02020

INTALK)e=13} 00004700 ARCU2020

ENDS 00004710 ARC02020

NTGT¢KA} FORT1 NTGT 0O 000V4720 ARC02040

BEGIN } s 00004730 ARCO2040

KA€INTCIT13 IF I=KA THEN GO TO L33 00004740 ARC02050

FORJ 6 DO 00004750 ARCO02060

BEGIN 00004760 ARC02060

TA€TGTLCVIT»JD3 00004770 ARC02060
TGTLCVIT,»JYeTGTLCVIKALJD} 000V4780 ARC02060
TGTLCVIKAsJ)eTAS 00004790 ARC02070
END 3 00004800 ARC02070
FORJ 5 DN 00004810 ARC02080
BEGIN 00004820 ARCO2060
KeTGTTADIT,J]) 00004830 ARC02080
TGTTAD[1,JYeTGTTADIKA»J) S 00004840 ARC020860
TGTTADIKA,J)eK; 00004850 ARC02090
ENDJ 00004860 ARC02090
FOR Je1 STEP { UNTIL NTAT DO IF I=INTC(J] THEN 00004870 ARCO02100
BEGIN 00004880 ARC02100

l




TNTClO)ernd
END 3
ENDG
FORTIT NTGY DN
BEGLHN
KRACENTTERCTGTLCOYIL,N])Y S
KHebEMTIFER(TOBTLCVIT»2))5
KCEENTIERCTOGTLOVIIL1)) S
KOCENTTFERCTOGTICVIT,3))3 ReKAS JeKC)
LOADSWRTATS TF KAAKR THFN
I f,]q
KekB3 | NADKARTGT S
ENDG
[F KC#KD THEN
BEGIN
KeKAG JeKDE LODADSARTAT
1F KA#KR THEN
HEGIN
KeKRs LNANSORTGT S
END S
ENDS
END FORLIY LONOPE
TGTMNXTO) €T3 G0 TN RELFORTYLS
END PROCEDURE GENTARGETSS
PROCEDURE GENSURDTAS
BEGIN
COMMENT GENERATE SWROTAS
INTEGER TrJsKsKAs KB
REAL NMX»DMY MRy RXsRY S
LABEL ki 2
FORJ NDM DN
BEGIN
MR€0 3

FORK NTYPFE={ DU IF MR<OUSPEC[2xK] THEN TF ODMLOCOCI,

K+31#20 THEN MReDMSPECI2xK])j; INTA[T)¢MR;}
ENDJ
FORJ NSQR DD
BEGIN
KBeMSUR+23
FORT MSQR DO
BEGIN
SARNDTACJ s TYEKACKR S
FURK NDM NN
BEGIN
DMX «DMLACNIK»017 DMY€OMLNCOrK»113
MRe«INTALK]} RXeNDMX=Ji RYeDMY=13}
IF MR<=RX OR MR<RX=1 THEN G0N Tn L1}
IF MRS=RY OR MR<SRY=1 THEN GN TD L1}
IF («7071+MR)I#*2 S(RX=45)%2 4+(RY=.5)*2 THLEN
GO TN LY3 SORDTA(J»KH)eK: KReKB+13
ENDJ
IF KB=KA THEN KBekKR+1{}
END S
SARNDTALJ,MSQR#1 1eKA?
END?
END PROCEDURE GENSARDATA;
PROCEDUKE GENATTACKS
REGIN
COMMENT GENERATE ATTACK
FORJL A10 DN
BEGIN

NuOLEBYOD
0uC04900
00004910
0p0LYEY20
Op0U4930
V004940
00004950
0u004960
0uou4970
Qu0VABO
00004990
00005000
0uousS010
0u0us5020
0ubLsS030
0u0L5040
00oLs5050
Nu00S5000
Duous5070
NOOLSUBO

YWwous0v0
0uoL5100
Cpous110
0u0U5120
0u0US5130
nNooL5140
00005150
000uH1060
Cuuudb170
000L5180
000uUS190
000U5200
0uou5210
0w0U5220
0u005230
00005240
0u0usb250
00005260
0pous270
0uNU5200
0uou52v0
00005300
0p0u5310
00005320
000U5330
0005340
00005350
000U5360
00005370
000U5380
00005390
00005400
0uGu5410
0v005420
00005430
00005440
00005450
00005460
00005470
000V54080
00005490

ARCO2110
ARC02110
ARCO2120
ARCL2130
ARCO2130
ARCO2130
ARCO21 3V
ARCO2140
ARCO21%0
AKC02150
ARC02150
ARC02150
ARCL2150
ARCU2160
ARC0O2160
ARCuZ2160
ARCO2160
ARC02160
ARCG2170
ARCO2170
ARCO2170
AKCO2170
ARCUL2180
ArRC0O2190
ARC02200
ARC02200
ARC02210
ARC02220
ARCOZ2220
ARCL22720
ARCU2?230
AkCU2230
AKC02230
ARCU2240
ARCUZ2240
ARCO2240
ARC02250
ARCO2250
ARC02250
ARC02250
ARCO02250
ARCL2250
ARC02260V
ARC02260
ARCO2270
ARCO2270
ARCO22b0
ARCU2?290
ARC02300
ARCO2310
ARCU2320
ARCO2330
ARCO2330
ARCO02340
ARCU2340
ARCO2350
AKRC02360
ARCO2360
ARCO2370
ARCL2370
ARC02370




READCDATAIN [ND)»A»CONDE)FPROCESSTS 00005500 ARC02380

IF COUDE#"AM * THEN 60 Tn REPORTSS 00005510 ARC02380

READCODATAIN, /o 1oFNORT 6 DO ATTACK[J»T1)3 00005520 ARC02390

NAMeJS ATTACKPJ,71el} 00005530 ARC02390

END S 00005540 ARC02390C

END PROCEDURE GENATTACKS 00005550 ARC02400

PROCEDURE GENEWATTS Np0U5560 ARC02410
BEGIN 00005570 ARCU2410

COMMENT GFNERATE NEWATTACK FOR BOOK GaME RUNJ 000U5580 ARCO2420

LABEL FING 00005590 ARCO2420
NAM€O; 00005600 ARCO2430

FORJL 999 DO 00005610 ARC02430

BEGIN 00005620 ARCO2430

READCDATATNINAT,A, COUFDIEFIHDS 00005630 ARCO2440

IF CUDE#"AM " THEN GO TO FINJ 00005640 ARCO2440

READCDATATN» /2 I»FORLI 6 NN ATTACK[J»T1) 00005650 ARC0O2450

END FORJS 00005660 ARC02450

FING NAMed =1 00005670 ARCU2460
END GENEWATTS 00005680 ARCU2460

00005690 ARCO2461

COMMENT GENTDMTGT BUILDS TABLE TOMTGT; 000U5700 ARCO2461
PROCEDURE GENTOMTGT; 00005710 ARC02470
EGIN 00005720 ARCO2470

FORI NTGT DO INTECT]e=1} 00005730 ARCO2480

FORI1 NTGY DN FOR Je2»354,5 DO 0u005740 ARC0O2490

BEGIN 00005750 ARCO2490

KA€TGTTAD 1,018 00005760 ARCU2490

IF KA#0 THEN 0VouUS770 ARC02500

BEGIN 00005780 ARC02500
KBEINTCIKAY1+INTCIKATS 00005790 ARC02500

TOMTGT(KA,KB1&¢I} 00005800 ARC02500
END 0p0u5810 ARCO2500
LEND 0u00U5820 ARCO2500

END GENTDMTGT S 00005830 ARCO2510
0v0u5840 ARCO2511

COMMENT OPENROW CREATES NECESSARY FLAGS TN START AN OVERFLUW RUW FOR ANCOOUSE50 ARC02511
AM IN TABLF AMDATA, IT IS USED ONLY BY GEMAMDATA; 00005860 ARCU2512
PRUCEDURE OPENKOWCR» KA, FULL) S 00005870 ARC02520
LABEL FuLLS Q005880 AKCO2530
INTEGER KAsR} 00uh5890 ARC0O2530
BEGIN 00005900 ARCLO2530

LABEL L1; 00005910 ARC02530
INTEGER T»JsRA} 00005920 ARCO2530
FOR JeR+1 STEP 1 UNTIL MAMDATA DO IF AMDATA[J»01=0 00005930 ARC02540

THEN 00005940 ARCU2540

BEGIN 00005950 ARCO02540

RA«€J; GO TO LY 00005960 ARCO2550

END 3 00005970 ARCO2550

GU TO FULL? 00005980 ARCO02550

AMDATACR271€RA} AMDATATRA,O]€=K} 00005990 ARCU2560

AMDATA[Rs»Bl¢KA; 00006000 ARC02560

FUR Jél STEP 1 UNTIL 5 DO AMDATA[RA,JI€AMDATALR,JI} 000U6010 ARCO02570

KAeB3 ReRA 00006020 ARCO2570

ENDJ 00006030 ARCO2570

0v006040 ARC02571

COMMENT FINDTRGT IS THE INDEX TO TGTTAD FOR THE TARGET LOCATFD AT X,Y; 00006050 ARC02571
INTEGER PROCEDURE FINDTRGT(X»Y)} 00006000 ARCU2580
VALUE XsY3 0y0U60T70 ARCO2580
REAL X» Y5 00006080 ARC0O2580
REGIN 00006090 ARCOU2580

INTEGER 1»K3 00006100 ARCO2590




EN

COMMENT GENAMDATA

AM AND
PROCEDURE
VALUE
INTEGER
BUULEAN
REAL
LABEL

REAL
INTEGER
LABEL
BOOLEAN

Bl
GE
TM,
INEF
P3
THs
Ful
RE

XbrDEL G
FINYSFINsLY, L3ApLGG
1F X< TGTIMNXINTGT ) THEN U TO FIN
NELENTRT Keys eY=TOTHMNXT O]
IF X2TGIMNXT1) THEN GU TN (45
VBl € o SXOELF Mex4DNET P G0 TU
IF DEL<Y THEN AN T0 L4
TH X<TGTMNY (K] THEN GU 10 L3
Kek=DELS GO TO LYS
FUR lekK STEP 3 UMTTL MTGT RO
REGIN
| F XHETGTLCVIY-0) TpEN G0 TO FiNTs
IF X2TGTLEVI L o0 AND YSTGTLCVITe2] THEN 1F Y2
TGTLEVIT, 0 AN Y<TRILE
REGIN
FINNTRGT €Y G0 T FIM
END

ENDS

VETs371 THE®

NUTGTeTHUE 3
D FINTS

ETERMINES FQOP
US TAHLE AMDATA
AMDATACTM, XY, Y1, X2, Y25 P INENTHFU
X1sY1o X2 Y2, CSF> INENTSFS

MT 3

(0] LCH FERIDL THE BN W MAY ENGAGE
l }

X12X25Y15Y2,SF;
(W
GIN
SHINTPMINX MAXX ) MINMXY ) MAXXY s YAs A2 Es Oy DEL 2 TGZS
ToR»KaXEIYS )L ous KD KESFCHKDN LA LE,LP KPS
FINsL1sLZ2sL 37
NOSS
NUDEFENSE&NOTGTeTOULATE €FALSE
1F NOT SONK THEM GEMSGRDTA;
JE NOT P THEN
BEGIN
KeF INDTRGT(¥Y22Y2) 3
IF NUTGT THEN GN T0 FINS
END S
FOR 1€l STEP 1 ULNTTIL MAMDAYA OO IF AMDATALT,U]=0
BEGIN
KeLASTPRMOWe
END S
6O TO FULL?
AMDATAT K20 el AMDATALR»11¢IDENT
TGZ¢SORTCCYI=Y2)x(Y1=Y2)4 (X =X2)X(¥1=X?))/SP+TM}
LPeAMDATA(R, 2)eENTTER(TGZ)S AMDATA(R, 51695
AMDATA[R» 7105
IF LP>MAXPERTICD THEN MAXPERTODeLP;
IF NUT P THEN
BEGIN
AMDATA[R, 3V €K}

FOR Ll€2 SYEP {1 UNTIL S 0 IF TDLISTITGITAULK,T)]#0

THEN

HEGIN
AMDATAITR,U41¢TCTTADIK,0 3
GO 10 L?

END

AMUATA[R, ) e~TGTTAUIK, 013

06110
NOOUAL 20

0U6130
Oububluo
Nu00L6120
)u0u6e100
DuouUBL70
DunlLeLY0
Qulub1vo
00oLe20L0
0pOu6210
00006220
NYoue230
0u0UEZ40
NDUOLVEZHO
Du0U6260
OyQuée2ro
NG0L6ZB0
VWOL6a290
JuOL63VLO
ulv6310
Co0ue320
0u0Ou6330
NDuOL6E3EY
0LCL6350
Qudue3o60
Duvubir’o
0ull6380
000uV63Y0
0p0ubs400
Ououb410
NpCuo4c0
Qutu64 30
0000U6440
00606450
0u0LELU6O
0p0G6Hl0O
0u006430
ououe4ay
0u006500
0Y0LaS10
0006520
000U6530
0LOuU6540
0pLL6550
000U6S60
0L0L6S70
090u6E580
0u0UESYD
0u0uL6E600
00CLE61O
OuOua620
CuOU6630
00006640
000U6650
0pluUb6eLU
000LU66/0
00006680
[OXVEORVA TR A}
000U6T700
OuOu6b710

ARCU2590
ARCL2590
ARC02600
ARCU2610
ARCLR2620
ARCL263C
ARCL2640
ARCU2640
ARCO2650
ARCU2660
ARCL2660
ARCUZ670
ARCU2680
LRCO26b60
ARC02680
ARKCUZ2690
ARCO2690
ARCO2690
AKCU2690
ARCU2690
AKCU2691
AKC025691
ARCG2692
ARCO27 10
ARCU2720
ARCOQ2720
KRCO2720
ARCO27 30
ARCOZ2730
ARCO2730
LRCO2740
ARCOZ2750
ARCL2T760
ARCO2760
ARCOZT7/70
ARCU27HBU
ARCO2790
ARCO2790
ARCO2800
ARCUZ28B0OV
ARCO2800
PRCOU2BIV
ARCOZ810
ARCLU2820
ARCUZB20
ARCO2B20
ARCUZB 3V
ARCOZ2840
ARCUZES0
ERCO2850
ARCO2860
ARCU2870
ARCUZ2BTO
ARCU2B70
ARCURZBBU
ARCLUZ28BBO
ARCUZ2BBO
ARCO2890
ARCOZ2890
ARCU2E890
ARCUZ28Y90




ENDJ 00006720 ARCU2890
IF NOT P THEN WRITE(DATANUT»<"AM™, T4, 00006730 ARCU2900
" ENTERED SYSTEM AT (",FB.3»"," FB843, ™). TAKGET Is "00006740 ARC02920
»A6," DURING OFERTINDM, 14>, IDENT,X1,Y1,TGTTADIK,01,LP);00006750 ARCL2920
IF NOT P AND HEURISTICE THEN IF TGTLEVIK»4ISMINTGTVAL 000V6T760 ARCL2930
THEN 00006770 ARCU2930
BEGIN 000U6760 ARCO2930
NOTGT«TRUF # 00006790 ARCU2940
WRITE(DATAOUT < 00006800 ARC02940
"TARGET VALUF BELOW MINYMUM, AM TANCRED™>) ) 00006810 ARCO2940
AMDATA[R,0)¢0} GO 10 FIB 00006820 ARC02950
END 00006630 ARC0O2950
IF LP<PLRIDD THEN 00006840 ARCU2960
BEGIN 00006850 ARCO2660
TOOLATE€TRUES LASTPRON¢RS AMDATA[R,C1¢03 0u006860 ARCLV2970

GO TU FINS 00006870 ARCU2970
END 000068060 ARCU2970
JF (X2=%1)=0 THEN MOSeTRIE FLSE 00006890 ARC0O2980
BEGIN 00006900 ARC(2980
NOSe€FALSF3 SetY?2=Y1)/(X2=X1)} 00096910 ARC02990
INT€Y1=SxX1} (00L6920 ARCO2990

IF ABS(S)>10 YHFN NCOS«TRUE 00006930 ARCU2990
ENDS 00006940 ARC(2990
1F X1<X2 THEN 00006950 ARCU3000
BEGIN 0C0L6YL0 ARCL3000
MINX€X13 MAXXeX?3 MINXYeY1} 0UuU6Y 70 ARC03000
MAXXY#®Y?2 00006980 ARCU3000
END ELSE 000U6990 ARCO3000
BEGIN 09007060 ARCU3000
MINX€X?23 MAXXeX15 MINXYeY2) 00007010 AKCV3010
MAXXY#Y1 00CU7C20 ARCO3010
ENDS 00007030 ARCU3010
XSeENTTERC(MINX)S YS€ENTIFR(MINXY)} 00007040 ARC03020
SURX[01€XS3 SQRYFrQI«YS3 L«0j 00007050 ARC03020
IF MINXYSMAXXY THEN I#1 FLSE Je=13 00007060 ARCO3030
TFCOXS+1)SMAXX THFN YA€SX(XS+1)+INT FLSE YA¢ENTIER( 00007070 ARC03040
MAXXY) S 000070680 ARCU3040
WHTILE IX(YSeYS+TH<YAxXI DN 0V0UT7090 ARC03060
BEGIN 0u0u7100 ARCO3060
LeL+1) SORX[LY€XSH SQRY[LIe¢YS 0u007110 ARCU3060
END S 000L7120 ARCU3060
XSeXS+13 IF YSEMAXX THEN 0uou713vY ARCO3070
BEGIN 0v0u7140 AKCO3070
YSeYS=2xT3 GO TN L33 00007150 ARCU3070
ENDJ 00007160 ARCU3070
LBe=13 FURY MTGT DO INTCrIJ«03 000V7170 ARCO3080
FOR 1€0 STEP 1 UNTIL L DO 00007180 ARCU3090
BEGIN 0V0U7190 ARCO3090
COMMENT DETERMINE DM=AM TrAJ INTERSCT300007200 ARC03090

NEXT»NONE, L4} 0u007210 ARCO310vV
KA€SURX[YTT3 JeSQRY[I13 KRe€SURDTAIKA,.J]} 00007220 ARCO3110
KC¢SQRDTATKA,J+11=1} 000U7230 ARCO3110
FOR J¢KB STEP 1 UNTIL KC DO 00007240 ARC03120
BEGIN 00007250 ARC03120
KU€SARNTA[KA,JI S 00007260 ARCO3120

IF KD=0 THEN GO TO NEXT} 00007270 ARCU3130

FORK NTYPE=1 DO IF NOBT CHEKBIT(DMVOICCKI»KD) 00007200 ARCO3140

THEN GO TO L4 GO TO NEXTS 00007290 ARC03140

[F OCCURCINTCsLB+1+KDs657,2) #LB+1 THEN GO 710 00007300 ARCO3150

NEXTS 00007310 ARCO3150

1F NOS THEN 00007320 ARC03160




HEGIN 0u007 330 ARCU3160
Se(X2=X1)/(Y2=Y1)} IMTeX1=SxYi; 00007340 ARCU3160
MINXeDVMI DCOLKD»1]7 0u007350 ARCU3160
YA€DMLOPOTKD2C) c0007360 ARCO3170
END ELSF 0u0Ou7370 ARCU31T70
BEGIN 0,)0U7380 ARCU317C
MINX«DMLOCOLKD,N]} Nu0L73%0 ARCU3180
YAeNnMLOCO[KD,1 ]S 0uo0u7400 ARCU3180
END S 0u0L7410 ARCU3180
Ae(14SxS)3 Re2x(Sx(1kiI=YA)=MIMNX)} 0u0u7420 ARCOU3190
CEINTXINT=2x INTXYA+MIMXXMINX+YAXYAS 00007430 ARC03200
MINX€2XxA} YA€OD] 00007440 ARCO3200
FOR LAeD STEP 1 UNTIL NTYPE=1 NC 0u0uL7450 AKC03210
BLEGTN 00007460 ARCO03210
IF CHEXKRIT(OMVOTDLLA),KD) THEN GO TO NONES? 00007470 ARC0O37220
CeC+YAS YAeDMSPECIP2XL A Ix?3 00007480 ARCO3230
CeC=YA} MAXXe BxBelXxA¥(} 00007490 ARCL3240
IF MAXX<¢Q THEN /O TD NONE$ C0u7500 ARCO3240
MAXX€SQRT(MAXX)}S |ReLm+l; 00007510 ARCU3250
INTALLBY¢(=B+MAYX)/MINX; 0V007520 AKC03260
INTRILBY€(=B=MAXX)/MINX} "Qou7TS530 AKCU3260
INTCILBY¢LA & KN[30:36:1273 00007540 ARCU3Z270
END S 0uobu7550 ARCU3280
END 00007560 ARCO3290
END? 000Vu7570 AKCO3290
TF LB<O THEN TIF AMDATA[R»41>0 THEN 00207560 ARCO3300
BEGIN 0pou7590 ARC0O3300
AMDATATR,A)€AMDATALR, 7)e0} 00007600 ArCU3300
AMDATA[R,R)«R} 0u0u7é6l1o0 AKCU3310
GO TO FIN 0p0L7620 ARCO3310
END ELSE 0u0UT7630 ARC03310
BEGIN 0G0UT 640 ARCU331V
NOOEFENSE«TRUES LASTPRUWER; 00007650 ARCO3310
WRITECDATAQUT »<"AM"™, Tus"™ NOT COVERED,TARGET IS ", 000U7000 ARCU3320
A6, "DURING PERIDD"™» 14>, ICENT,AMDATALR4),AMDATALR, O0VOUT670 AkC03330
21)5 AMDATA[IR»01¢03 GN TO FINS Co0U7680 ARCL3330
ENDJ 0u0076%0 ARCOU3330
DEL¢SQRT(SPxSP/(SxS41)) 1 0uou7700 ARCO3340
IF NOS THEN 00007710 ARCO03350
BEGIN 00007720 ARCO03350
1F Y2<Y1 THEN DELe=DE| 0u0u7T730 ARCU3350
END ELSE IF Xx2<¥1 THEN NDELé=DELS 00007740 ARCU3360
YAe DELX(PERTOD=TM=1)+(IF AOS THEN Y1 ELSE X1)} 0Vou7750 ARCUI 37
KAeLA€9; 0v0u7760 ARCU337
FOR 1¢PLRINND STEP 1 UNTIL LP DO ooour770 ARCU338
BEGIN 0u0UT7760 ARCO3380
CNMMENT SET /P AMDATA ENTRIESS 00007790 ARCO3380
1F LA#KA THEN 000uV7ELD ARCU3390
BEGIN OvOu7ELl ARCO3390
IF KA=NAMDATA THEN UPENROW(R,KA,FULL)} 00007820 ARCU33%0
IF KA=NAMDATA=1 THFN 0uOu7830 ARCU3400
BEGIN 0V0U7840 ARCO3400
AMDATA[R,KA+1]e0; 0000L7850 AKCO3400
OPENROWER,KASFULL) S 0p0uU7860 ARCO3400
END S 0Vou78670 ARCO3400
ILA¢KA41} 00007860 ARCO3410
END S 000078v0 ARCU3410
KA¢LLA} AcReYAeYA+DELS 0un07900 ARCO3410
IF T=LP THEN PEL €SIGN(DFLIXSQRTCCSPX(TGZ=LP))*g/(5x00007910 ARCO3420
S+1))7} 0ulbu7920 ARCO3420
IF DEL<O THEN A¢A+DEL ELSE BeB+DFI 3 0V0u7930 ARCUL3430C




FOR L¢O0 STEP ¢ UNTIL LB DO
BEGIN
1F A<INTAIL]) AND B>INTBIL] THEN
BEGIN
AMDATA[R,» A el AMDATALRsLAYe=1}
KAeKA+1 )
AMDATA[R,KATEINTCLL) & T(18236:1213
END
1F KA=NAMDETA THEN UPENROW(Rs,KA,FULL)
END
END
1F LA=KA THEN KAekA=13 AMUATA[R,KA+1)e=| P}
AMDATATR»8 JeKA;
FINT 1F MAXAMDT<R THEN MAXAMDT¢R;
END PROCEDURE GENAMDATASZ

COMMENT GENDMSPEC READS DM RANGE AND EFFECTIVENESS ANP BUILDS UMSPECS
PROCEDURE GENDMSPEC S
REGIN
FORK @10 DN
BEGIN
READCODATATIN [NOY»A»CONEYIPROCESSTS
IF CODE#"SF ™ THEN GO 10 REPORTS?
READCDATATIN, /o191 TA5TH)YS
DMSPEC(2x11€¢TA} DMSPEC[2xI+41)€1R}
ENDS
END DMSPECS

COMMENT GENTOLIST READS TUM INFO AND BUILDS TDMLISTS
PRUCEDURE GENTDLIST?
REGIN
FURJ ®10 DO
BEGIN
READ(DATATN [NOY»ASCONEYIPROCESSDS
IF CUDE#"TDM™ THEN GO TD REPORTS?
READCOATAIN, /»KoK,1DLTSTIK])

ENDJ
FEND PROCEDURE GEMTDLTSTS

CUMMENT GENDMLOCN READS DM SITE INFD AND BulpDS OMLOCGS
PROCEDURE GENDMLOCOS
BEGIN
FORK ®10 DO
BEGIN
READCDATAIN [(MO1sA»CONDEYIPFACESS)S
1F CUDE#"NDM " THEN GO Tf REPGRTSS
READCDATAINs ZeTolofNRK JeO0s15324 PO OMLOCOLI2U) )3
DMLOCO[T,21¢DMLOCOLT»3)4DMLOCOrT»uld}
1F NOM<I THEN NPMel}
FORK NTYPE=) PO 1F OCMLUCOLI,K+3)70 THEN CLEARBIT(
DMVOIUEKI, 1)
ENDS
FND PROCEDURE GENDMLOCOS
PROCEDURE PLAUSIBLE?
REGIN
COMMENT GENERATE FACUTA AND PACUMSS
INTEGER CToCUsX12X25Y15Y2;
BOULEAN (W]
LABEL L3sL4st 5»FINsFINYSHsLOS
INTEGER ARRAY ToUl07 13
PACIN&TRUES

0u0UT7940
00007950
0u0u7960
000UT970
0007980
000U7990
000VB00O
00008010
0uvouB020
opous030
0v0LB040
0u0LB050
00008060
ogooeoro
000uB0BO
00008090
00008100
opoLs110
0p008120
00008130
npo008140
0uy0ouB150
0p00B160
0u008170
00008160
0u0UB1YOD
0unu8200
opcus210
0yp0ub220
ovovs230
0008240
0uvouE250
0uous260
ouoLs270
QuluB2s0
00006290
00008300
0uduB310
000UB320
0uNUB330
0Qg0LK340
00008350
0u0vB360
opoussrlo
0yCuB 300
00008370
0uQuUb4v0
00008410
0u0uLBL20
00006430
ouvovBaso
0u0UB450
0u0uLB400
00QuB4a’0
0u0uE4dO
ovousayo
00008500
00008510
00008520
Qu0UBS530
0u0UH540

ARCO3440
ARCO 3440

ARCU3450

ARCO3450

ARCO3460
ARCU3460
ARCO346Y
ARC03460
ARCO3470
ARCL34T0
ARCO3470
ARCO3480
ARCO3480
ARCO3500
ARCO3500
ARC03501
ARC03501
ARC03520
ARCU3520
AKC03520
ARCO0352¢6
ARCU3530
ARCU3540
ARCOU3540
ARC03550
AKCO03550
ARCO3S550
ARCO3551
ARC03551
ARC03560
ARC03560
AKCU3570
ARCUO3570
ARCO3570
ARCL35860
ARCU3580
ARCO35H0
ARCU3590
AKCO3591
ARC03591
APRCO3600
ARCU3600
ARCO3600
ARCU3600
ARCU3610
ARCO3610
ARCO03620
ARCO03630
ARCO3630
ARCU3640
ARCU3640
ARCO3640
ARCU3650
ARC03660
AKRCG3660
ARCU3660
ARCO3670
ARCU3670
ARCU3680
ARCU3680
ARCU3690




FOR] ®1¢
HEGIN
READCOATATIN [NOI»hsCORENIPROCFSS T
IF CUDE#™PACY™ THEN 6D TN REPORTS:
READCOATATIN s/ 10X 10Y aX2pY0):
FORY ¢ D0
HEGIN
T(J)e0}
END
NPACEeNPACHY;
PICKCHARS (X7
PICKLHARS €Y
PICKCHARS (X CTANI 79 122)3 NM3IeM?
KCESURTRTIYZ, Y]
FOR KDel STEFP 1 4 K DO
BEGIN
JeSURTGTI Y, v2
KA€OS CeCNVE
FUR KeR STFS
BEGIN
PICKCHARSC
IF wA=0
IF KAs®
1F CT=NTYE
GN TG L33
FNKJ CT DT
L4 FLSE 6
TICYYeKas
1F NOIT ¢
REGTN
CUeCN+
END S
GO TO LA
FORS CU DO IF K&=
CUeCli+1 ) UICLYexas
IF CUSNTYPT=1 THEN GC TD FIN
END S
END}
IF TLO)=0 THEN
REGIN
NPACeNPAC=1}
WRITECDATANUT,<"NO TARGETS FOR P

AC
14 "TO X=",1u," vy=",14 >rpX1sY1,X2»

GO TO FINTSH
END ELSE
BEGIN
PACKHORNDEPACDTANA,T); NX€N3I+1
PACKWARNCFACDTANG, (1)}
END
CETRULS J«PERTONS PERTION&O; N3eN3+13

GﬁNAMDATr(u,\vo.s,vlf.5,>?+.‘;v9<.%;@»rNPA<rerL,L)

} PERIODDeT) AMDATALL 12 0) &0} Ket;
KACAMDATArK .83
1F KASY NR NUGPEFENSE THFN
BEGIN
MPACENPAC=03 G T(O FTNISH
END;
FOR Je10 STEP 1 UMITL KA Do
[EGLIN
NPACOMSeNPACNMS+ 1}
-A(K“<(rvr'bnﬂ;o@MukT;[;,JJ;

00008550

0voves60
0u0UuB570
TuoLES5s0
Gu0086590
N0H00BEVO
CuouvEel10
Q00LUB620
0u0uB630
0ubube4L
00008650
Qu0UB660
NpOuB6e70
0UCUB6BO
OVDOKEYD
00ouB7LO
0u00L8710
0GVUBT 0
OuoLBT7 30
Y0CtUBT40
wuB7sS0
roouB760
00w87r70
OUBT700
0COURT7TY0
QuouBBUD
Oudvys10
0D00VAB20
U
1,0 )
NuoLE3ds0
YUOUKHG(
DOLEHI0
YUOUEBB0
[RAVAVE o “\1‘\1
Lud9uQ
Ov0LBY 10
0Hovs9 20
QubUurYy 30
Uuou (4V]
Quouvisyn0
[QVIVAVE- R 1Y)
0u00LBI ¢
NuHuKYG
QUNUEYYQ
(SAVEVAVASXOXVEQ)
Goou9010
Np0U9020
OpOu9030
OuLU9040
NuOUeOsE
000uUY0o0
Dulul20/0
05009080
SEVICAVESTO XD
0L0UY 100
00009110
00009120
00uOuY130
06009140
00009150

ARCO3700
ARCO3700
ARCO3700
ARCU3710
ARCO3710
ARCOU3720
ARCO3720
ARCU3720
ARCO3720
ARCO3740
ARCO3740
ARCU3T7 40
ARCO3750
ARCU3760
ARCO3760
ARCO3760
ARCO377¢
ARCO3770
ARCQ 3780
ARCO03760
ARCO3780
ARCO3750
ARCO3790
ACO3800
ARCO3800
ARCO3810
ARCU3A20
ARCO3B20
ARCO3820
ARCU3K20
ARCO382(
AKCu3B20
AKCU3IH 30
AKCO3r00
AxCu

ARCL
ARCO3
ARCU 38
ARCU
ARCO

«CU

AkCU 3
ARCL
AKCU3BH(
ARCU3IBIQ
ARCU3BYU
ARCU3EB90
ARCU3900
ARCO3910
ARCU 3930
ARCO3930
ARCO 3¢S
ARCU 3 Y
AKCO3940
ARCO0394¢(
AKL 308 (
ARCU3Y
ARCO39¢
ARCU39¢




END S
PACDTANIeNPACNMS; KEeAMODATALK» 7
TF KE#0 THEN
BEGIN
AMDATA[K, 01«05 KeKR; GO TO L6
END S
FINISH? ENDS
END PLAUSIBLE 3

CUMMENT SETHEUR SETS HEUKISTIC VARTARLFS TRUF AS SPECTFIFD BY INPUTSS
PROCEDURE SETHEUR?}
REGIN

LABEL L1sL2sL32L0,L50LAs 1l 7oLRsLY»L10»FING

SWITCH SWel 12122035 4sLSsL65LT721L8,L9,0L10%
READCDATAIN, /s KpK)5 GO TN SNIK);

L1t HEURISTIC1e TF K=t THEN TRIE ELSE FALSF3
GO TO FIN;

L2 HEURLISTIC?¢ Ke? THEN TRUE FELSE FALSFE;
GO TO FIN;

L3¢ HEURISTIC 3¢ =3 THENM TRUE LISE
GO TO FINS

L4t HEURISTIC4« K THEN TRUE ELSE
GO TO FIN;

LS ¢ HEURLISTICS« 5 THEN TRUF CLSE
GO TO FILINS

L6t HEURISTIC6e THEN TRUF ELSE
GO TD FIN?

L7 HEUJRISTIC7 ¢ THEN TRIIE ELSE FALSE;
GO TO FIN;

Ly HEURISTICB¢ K=8 THEN TRUFE ELSE FALSF}
GU TO FINS

LY HEURISTIC9¢ TF K=9 THEN TRUE ELSE FALSES
GO TO FIN;

L1033 HEURISTIC10eTF K=10 THEN TRUE ELSE FALSF?
GU TO FIN3

FING WRITECDATAOUT, HFURLKI)

END SETHEURS

COMMENT SELECTOM SFLECTS A TDM FOR USE AGATNST THE AM STORED IN ROW ALTX

OF TABLE ALTERS. 1T MAY CHANGE TDM PREVIOUSLY SELFCTEDS
PROCEDURE SELECTTDM}
BEGIN
INTEGER T2JsKrKAsKBaKC KN pKE s KF sl sKGoKHa KT A K3
LABEL FINsL1sL?5L 3}
ITOMONE«1TDMZERDeITDMUNEA€ITDMZERDACD
TOMONE«TOMZEROQO¢FFAS«FALSES
KAC€ALTERSIALTX»4Y; KBeALTERS[IALTX,KAT}
KD&«AMDATACALYERSIALTX»01,3)3
IF K8=0 THEN GO TN L2
CUMMENT RRANCH TO SELFECT NEW TpM FOR
KCeTOLISTIKBRI«TOLISTIKBI+1;
ALTERSTALTX,KAJe¢0O}; IF KC23 THEN GO TN FINj}
Ae0;
FORT 14 D0
BEGIN
KC«TOMTGTIrKRBR»Y13 IF KC=0 THEN GO TO FIN?
KEeAs
FOR J¢253,4,5 D0
BEGIN
KEeKE+TOLISTITGTTANDI(KC»J1]}
JF KE23 THFN GO 7O L3;

00009160
0p0L9170
0u0u9180
00009190
00009200
00006210
00009220
0uoL9230
0NpoLY9240
0pov92s0
00009260
00009270
00009280
00009290
00009300
0p0U9310
00009320
0u009330
00009340
000V9350
00009360
00009370
00009380
00009390
000094006
0p0L9410
00009420
000U9430
00009440
00009450
00009460
00009470
0u00L94BO
00009490
00009500
00009510
00009520
00009530
00009540
00009550
00009560
00009570
000095850
00009590
Np0LY6OO
0009610
00009620
00009630
NV0U9640
nNuou9650
00009660
000U9670
00009680
000U9690
0po0g700
000V9710
0p0V9720
00009730
0u0L9740
00009750
0u0L9760

ARCO3960
ARCO3970

ARCO3970
ARCO397C
ARCO3970
ARCU3970
ARCU3980
ARCO398C
ARC039681
ARC03981
ARCO3990
ARCO3990
ARCO40CO
ARCO4010
ARCO4020
ARCU4030
ARCO4030
ARCLLO4LO
ARCU4040
ARCO4050
ARCO40OSY
ARCO4C60
ARCU4060
ARCOLOT70
ARCO4070
ARCL4080
ARCU4080
ARCO4090
ARCO4090
AKCL4100
ARCOU4100
ARCO4110
ARCU4110
ARCO4120
ARCU4120
ARCO4130
ARCO4130
ARCO4131
ARCu4131
ARCO4132
ARCO4140
ARCU4140
ARCU4150
ARCU4160
ARCO4170
ARCU4170
ARCU4180
ARCO4180
ARCU4190
ARCU4190
ARCU4200
ARCO4210
ARCO4210
ARCO4230
ARCU4230
ARCO4230
ARCU4230
ARCU4240
ARCO4240
ARCU4240
ARCO4250




FEND S

[F KE=1 THFN

HEGIN
[TTOMZERNeITDMZEHRD+ S
TUMZERN« TDU(IN: ¢« TRUF 5
[TTOMONF« I TOMNONE =

THEN
INF «TTOMONE+LS TOMONE€TRIIE

KE€3 THEN 1F ACTIVF(TYPATK»TATTANTIXC»1]) THEN
IF Kt =1 THiN
REGIN
[TOMZFRNATTNMZEROA+ Y}
ITTOMONFA€ TTDMONE A=Y
END EILSE TTOMONEA« TTOMONEA+1;
END FORL LONP3
GU 1O FING
Kbe=13 A€t
FOR Je22 354,55 D)
BEGIN
T¢TGTTANDIKL,JY? KFeTDL ST
[F KE>KE THEN
BEGILIN
KEp&nf Ael?
ENDG
ENDJ
IF KE>0 THF
BEGIN
TOLIST( c
ALTERSI[ AL A i FEASETRUES THOMAFFeKS
IF KE>? FIN ELSI
BEGIN
AHeEK
END
END?
FURK LASTALT N0 TF KAALTY THEN
BEGIN
KJeALTERSTK,ALTFRSIK,0u114
IF KJU<®4 AND KJ20) THE!
REGIN
FUR Je2s3,0,5 DD
HEGTN
[«TARTTAN(KD»J])}
IF KJd=1 THEN
REGIN
KGeN: KECAMDATATALTERSIK,01,3)°%
FOR 1 €25 35455 DO
AFGIN
KETGITADIKK, L )5
(HeTDLISTIXF]3
[F KH>KG THEN
AATIN
KGEKHED KTeKE S
FNDS
N
TF XG>0 THEN
HEGIN
AL TERSIKSALTERSIKs811eKI}

VL TFRSTAILTXKA)e ]}

0yov

9770

0u0VY7H0
000LI7TI0
NyOu9BLO
nudv9Bs1o
0,009820
0u0u9830

0uOt

9840

Nudue8oL

0uou9860
000uU3B8/70
NN0LYRBO

0000
0oou

9890
9900

000V9910

00u0L
0w
nuo

) (

YuQu

ou0
e
0V0L

0

Nyt
00(
0ul

Y0

9920
Y930
G940
9950
9900
9970
9940
99v0
oouo0
JU1l10
0020
0030

0040

10050

00o0

[IVEAB WOV A
00010080

001000
000101V0
Nu010110
00010120
00010130
0u010140
N0010120
002101060
ov0101L70
Qu010160
00010190
00010200
00010210
00010220
0u010230
00010240
0u010250
0u010260
nNudluz27o
00010280
v010290
00v010300
00010310
0u010320
Ou01G330
0v010340
0u010350
000103060
0u010370

ARC0425C
ARCL4260
ARCLEZ6L
ARCO4260
ARCL4Z6L
ARCUY4270
ARCU4270
ARCULUL42bU
ARCL42EV
ARCLY42BO
ARCO4280
ARCO4290
ARCU4290
ARCO47290
ARCU4300
AKCU4300
AkCO4310
ARCOLUE320
ARCO4320
ARCL4330
ARCLU434Y
ARCOL34L0
ARCU4340
ARCO43LO
ARCO4340
ARCU435(
ARCUL 35
AkCU4350
ARCOU4360
ARCU4360
ARCUL3BU
AKCL4370
ARCU43bL
ARCU4360
ARCU4380
ARCU43b0
ARCO4380
ARCOU4390
ARCL4390
ARCL4390
ARCU44L00
ARCULLO0
ARCO4410
ARCOL 41
ARCU4410
ArRCU4410
ARCO4410
ARCO4420
ARCUL4LZ U
ARCULL4 20V
ARCUGLLZU
ARCO4430
ARCU44 3(
ARCU4 43U
ARCU44 3
ARCU443C(
ARCLGL4 30U
ARCL44UU
ArRCu4a4C
ARCU4440
ARCUGLUO




TALTSTIKIVETNLISTIKI )17 np010360 ARCO4450

FFAS€TRUECS TOMAFFeKD: 000103%0 ARCL4L50

TF KG>2 THEN GO TN FIN CLSE 00010400 ARCO4L6E0

REGIN 0v010410 ARCO4460

KHek 13 4N TO L1 Nu010420 ARCO4H60

FAND npnL0430 ARCO4460L

ENDS 0v010440 ARCO4460

END TF ALTERS RLOCK} 00010450 ARCO4470

END FAR J LDOPS 000104060 ARCO44BO

ENDS 00010470 ARCO448B0O

END FORK LDNP; 00010480 ARCOU4LBO

FING END SELECTTNM; 00010490 ARCO4L90
00010500 ARCO4491

COMMENT EVALIJATE CALCULATES THF FEATURE VALUES GIVEN THAT THE DM STURED 00010510 ARCLA4491
[N RUW ALTXsELEMENT DMDUT NF TABLE ALTERS IS REING USED INSTEAD 00010520 ARCO4u92

OF ELEMENT DMIN, DMIN=0 OR NDMOUT=0 INDICATES THAT A DM IS ONLY 00010530 ARCU4ULY 3

BEING USED UR UNLY BEING SAVED,RESPECTIVELYS 00010540 ARCOA4LGL
PRUCEDURE EVALUATE(NMIN,DMOUTY S 00010550 ARCL4S10
VALUE DMIN»DMOUT 00010560 ARCL4520
INTEGER DMIN,NMUUT 0v010570 ARCO452C
REGIN 00010560 ARCO4520

COMMENT EVALUATE FELATHRE VALUES, NMIN IS ALTERS INDEX OF OM BEINGO0O105Y0 ARCO4530
RETURNED,DMONT IS SAME FOR ASSYGNEDS Np010600 ARCC4540
LABEL L1sLPoL3sFTINsl 4al SoLb6sL75L3F 00010610 AlCO4550
BUOOLEAN voI1D3# 0y010620 ARCOU4550
REAL XoYsZoVi 00010630 ARCO4550
INTEGER I12JsKsKAPKBsKCrKN s KE»KFsA2RsCrN-N3J 0u010640 ARCU4560
SUBEVAILCNT€SUREVALCNT+13 BeO? 00010650 ARCOLSTO

IF DMOUT=0 THEN 00010600 ARCO4580

BEGIN 00010670 ARCO45E0

IF DMIN=0 THEM 00U10680 ARCO4580

BEGIN 0u010690 ARCO4SBO

VULDeTRUFE ; 0v010700 ARCU4580

GU TD L3 00010710 ARCO4SHO

END 00010720 ARCU4580

END ELSE 00010730 ARCO4590

BEGIN 00010740 ARCO4590

1IF BPAC THEN BRFAKDMWORD(WPAC»A»R,C»D) ELSE 00010750 ARCU4600

RREAKDMWORNCAI TERSLALTX,OMDUTI»A»R,C» N5 00010760 ARCO4610

1F BPAC OR B#0 THEN IF CHEKHIT(OMvVOIDCLDI,C) THEN Q0010770 ARCUL4620

BEGIN 00210780 ARCU4620

FEAS«FALSES GO TO FIN 0unN107v0 ARCO4E30

END 00010800 ARCO4630

END 00010810 ARCO4630

FEASeTRUELS VNIN&FALSES Zel; 00010820 ARCO464U

VeIF BPAC THEN PACVALUE FLSE TGTLCVIAMDATATALTERS( 00010830 ARCO4E50

ALTX»01»3)s813 [F BRPAC THEN GO TO L1 0p010840 ARCO4660

IF DMIN=O THEN [P R=0 THFN GO TO L2 FLSE GO TO L1 00010850 ARCU4LGBTC

BREAKDMWURD (AL TERSTALTXsNDMINT,KA»,KB,KC,KD)} 0v010860 ARCULEBU

IF KB=0 THEN GO YO L1# KE«DMLOCOIKC,KD+31} 00010870 ARCOLEGU

KFe«ODMLDCDLKC,?2)5 KEeKE+13 00010800 ARCUL6Y0

PMLNCOIKC KD +#3)eXEF 000108Y0 ARCU469C

IF KE=1 THEN 00010900 ARCO4700

BEGIM 00010910 ARCUA4TOU
CLEARBIT(NMUOIDIKNDT,KC)3 VOIDeTRUES 0v010920 ARCU4T700
TFEATI17)eTFEATIL7)=1¢ 00010930 ARCU4T1O

END? 00010940 ARCO4710

[F CHEKBITCTWNCOR,KC) THFEN TFEAT(121eTFEATI12]=1 LLSE 00010950 ARCO4730

IF CHEKBIT(THREEEOR,KCY THEN TFEATI13)eTFEATI13])=1} 0u010960 ARCUOLT 30

NeKE/KFJ) Ye(KE=1)/KF?# 00010970 ARCULT U

1F Y<$,25 THEN du010v00) ARCULLT50




HEGIN 1010990 ARCLATSO
IF X>.25 THEN YO0 11000 ARCLU4TSO
BEGIN 011010 AKCO4750

TEHEATT1AYeTFFRATL161=7) 00011020 ARCC4T750
TFEATI15) €TFcAT[15)4+7 00011030 ARCULTED
END 0u011040 ARCUL4T 60

END ELSE IF Y<S.3 TdrN 0v011050 ARCO4T 60

HEGIN 00011060 AKCO4T760L
1F X>s5 THEN Du011070 ARCU4TE0

080 ARCO4T 60

0v0 ARCU4T 70

100 ARCO4770

HEGIN 0uol1

THEAT[15)eTFEATL151~2} 0p011

TFEATLQ4)€TFEATI 14147 00011
END 00011110 ARCUAT /U
END ELSE TIF Y<.75 THEN TF X>,75 THEN TFEAT(14)eTFEATL0O0011120 ARCO4T780
141=23 1F DMNYT=N THEN 60 TO L33 ou011130 ARCO4T90
IF B=0 AND NNT BPAC [HEN GO TO L?3 Nv011140 ARCO4800
KE€NMLOCU[CoN#313 KFeDMLNCN[Cr2)5 KFeKE=13 09011150 ARCO4E810
NDMLOCOICsN+ 36K 00011160 ARCO4E10
IF KE=0 THEN 00011170 ARCU4B20
BEAIN 00011160 ARCLUBZ20
SETRIT(OMYOINIDILCII VUIDeTRDES V011190 ARCOU4B2C
TFEATINI7)eTFEATOLI7 )41 0011200 ARCO4E 30
END 0011210 ARCC4B30
[F CHEKBITCTWNCOR,C) THEN TFLEAT[121€TFEATO12)41 LLSE 00011220 ARCU4850
IF CHEKBLIT(THREERNR,C) THLEN TFEATI13)e«TFEATL13)41) 0u011230 ARCUUBS0
X€KE/KF3 Ye(KF+13/KF 3 00011240 ARCO4B60
IF X$.25 THEN Outl1eso ARCU4B/70
BEGIN 0uCl11260 ARCO4870
IF Y¥Y>.25 THEN 0v011270 ARCO4BTO
BEGIN 00011260 ARCO4870
TFEAT[16)€TFEAT(161+75 00011290 ARCO4BT70
TFEATI15) €TFEAT[15)=7 00011300 ARCUO4B80
END 0u011r31v ARCO4BBO
END ELSE IF X<,5% THEN 00011320 ARCO4880
BEGIN 00011330 ARCO4BHBO
1F Y>.5 THEN 00011340 ARCO48B80
BEGIN 00011350 ARCOUBBO
TFEATI15)€TFEATI15)+73 0u011360 ARCU4EBI0
TFEAT(14)«TFFATI 3412 0uv113/7/0 ARCO4BIU
END 0u0113860 ARCU4B90
END ELSE IF X<,75 THe IF Y>,75 THEN TFEAT[14)€TFEAT(O000113%0 ARCO4GO00
1471+75 00011400 ARCUL900
IF DMIN=0 OR KB#fH THEN IF yOID THEN GO 7O L3 ELSE GO 00011410 ARCO4910
TO FINS Nu011420 ARCU4910
L2 COMMENT TDM SFLECTION HAS REEN MADES? 00011430 ARCO4920
[F NOT TOMONE THEN GO TU L37 KE«ITDMZERDS 0v011440 ARCLU4930
KFe ITOMUNE 00011450 ARKCO4930
IF B#0 OR DMOUT=0 THEN 00011460 ARCO4940
HEGIN 00011470 ARCU4940
Kbeé=Kt} KFe=KF 00011400 ARCO4G 40
END G ou0lt14vyo ARCO4940
TFEATISJETFREAT(SY+KL TEFATITI«TFEATIT)4KES 0v011500 ARCU4950
Kt e JTDMZEROAS KFeITOMUNEAS 00011510 ARCO4960
1F B#0 UR DMAUT=0 THEN 00011520 ARCO49T70
BEGIN 011530 ARCO49T70
KbLe=Ktj KFe=KF 00011540 ARCO4970
END 00011550 ARCVU4970
TFEATIAICTFEATION+KES TFEATIBICTFEATIHT+KES 00011560 ARCL49HO
(b FIRSTPASS THEN GO 16 FING 00011570 ARCU4990
1F vOID GR TDPMZERD THEN KeK ELSE GO TO FIN 7 Ou011580 ARCOUS000
FORTY 4 DO TFEATIT 1«0} 00011590 ARCOS010




ULE DM 0 ) &S DHa
FURTY NRPAC [0
SFGTN

MAeIxt=) Ve i KCePALT

eNSEOS K
STEF LS
FE LK DMENF Msradd
MOT Chb vt Drynlng

FL St

KlLen THET

All>0 THEM
At LN

MAENF=D

TE MY WE(

a3y A«

D

TE kD=0 THEM

hyPACRTANZY ThEN “FTRITOSOLOMA,

ki) ELAE SFETE CQULENMa KT A a7

Gl TN oy
NI
EALCYIV&TFEATT ] MR TS
ACTTIVECTYEF ; A JTAY
NACNT 14

T INME ¢ YR PLCOTALN

KE€RFeys
ENDS
KAeKRENS NTeM I~y
PICKLHARS (RACT
PICHCHARS(FAT
KNESWRTATIkARKH,
FLROY KD AN
HE G LA

KC e SORTGTT

FUR KeDplip: IF Y0LYISTOTGTTADIKCHKIJ#0 THEN

(00 T o O T I
[F ACTTVE(Y
HEGIN
KF+13 GO0 (I
END G

END O FORY LOGR S
TFEATI 3V €TFEATI 3)+NES
[FEATCOYeTFEATIO)+RFS

END FORL L OOFEF

1f

FEAS THEN

HEGIN
FOR 1€9,10»11 DN TFEAT[1)€0S

TEEATL1R)ITFEATILIY]€0:
FORT LASTALT DD
KEGIN

Yot g

) OTHEM TFEMTIZI«TEEAT(2)+4

TH

pTGTTADLKC»11) THEN

HREAKOMWORNDCALTERST Lo ACTERSIToa)),AsRCs0)5

TH CHEKBITCSNLEDM, C)

T

HEN TFEAT[1FR)eTFEAT(18]+1

ELSF IF CHFXKRITCOSOLUMALC) THEN TFEATII9]€TFLATL

193443

1F k=0 THEN JeO ELSE
TF J<o THEN

BEGTN

Je KEMDMCT 1303

VETOTLCVIAMDATATALTERSITS0Y1, 3),0418
1F 8=0 AND O=0 THFN X&1 [LSF ¥Y«ClF H=0 THEN

1=TNMPRAK ELSE 1=D

ISPECTE2xPe 1))

XeXxVi TPEATLG+ ) TFEATIO+ 04X

END S

0uol

0001

0u0

Ouo
Ouoi1y
0011940
00011650
000 Go0
000
NYoLLYel
Oyu 9y 0
00012000
opol20110
0uh12020
0n0L2L30
Nud12040
00012050
00012000
Gu012070
npou12060
000120%0
00012100
12110
D121
00012130
00012160
00012150
0u0i2io0
00012170
Gu0121600
06012190

Oull12200

RCUS010

ARCCH020

1CusSC20

ARCUD020

KCUS0 3L

ARCUSO4(
ARCUSO4 L
ARCUSO40

RLUS050
\RCO5050
RCLS050
LRCOS5060
ARCUSOT7U

ARCUSOTU

RCUS070
KCOS080
RCUS09Q
\RCUSLY90
RCUS5090
\RCUS11U

rrCUS1?

HCUSY

Cud

3051
0S

4 €
(CUSTE
{CUS

RCUS

FRCUD Y
RCUS1
RCUS1

ARCUS Y

RCU51
ARCUD190
ARCUD20U
ARCUS200
ARCOLB210
ARCOB? 30
ARCUDP? 30
ARCUD240
ARCUD240
ARCUS250
ARCUS25U
AKCUS?250
rRCUSB26U
SUS270
Ub2ru
05280
ARCUS2Y0U
ARCUD2YU
ARCUS?29U
ARCUD310
AkCub 3t
ARCOS320
ARCUDILU




AkCUS33U
ARCUS34L
ARCUS34L
ARCUS 340
ARCUS360
ARCuS 361
CUMMENT PACEVYVA NETLRALNES I F VAL t - AN AM ENTFEKS ) ARCUS361
THE SYSTEM THRNDUGH SAL W CH oM rnlats DECTSTUN YUl 228¢ ARCUS362
FUNCTIUMN VALUE (JVE® S . o BT ¢ PFLATS V01220 ARCUS3¢63
PRUCEDURE PACEVALS 12300 ARCU5370
REGIN 0012310 ARCUS37U
COMMENT . EMTRE “AX=4[N VALIES NpFE 1 ( 12320 ARCUD3BU
INTEGER [ JsKaKAP KR, KoKy Ny 3r (s dsMIN, » L 3 0012330 AKCUS390
REAL VTN, yMAY H U012340 ARCUSL00
LAHEL Aol 12L201.301L 05 112350 ARCOSa00
REAL ARKRAY OMFEATTOIANDMYNTYPE sUSNFEATHRES NTALO 123060 ArRCOS420
INTEGER A@dwAy INTR,INTCININOMXNTYOL ]} 12370 ARCUSLZU
FURT NDM DD THRTAL1 1«05 3RPACeTH H ( 12380 ARCUSd4 30
N3€35 FURT NFEATURES DN YFEAT] A ; vl123v0 AKCUS4 40
FORT NFEZATURFS DN NMELCATIO, T e 12400 ARCUSHS50
INTROOI&TFFATIU)) TNTUTOVETFEA 12410 ARCUSH 61
MULTCWRATE wTEFATATINTALG)» s NFEA 12420 AKCUS 46
FURTY! NPAC DN 12430 AKCUSUT70
REGTN 0uu12440 ARCUSUTO
CEPACDTANTS N3IeMitys AN3® MIN ; 0u012450 ARCOSLB0
FOR J*& C#1 STFP 1 UNTI 1 NO0O12400 ARCUSA90
HEGIN Ouulz24r70 ARCUSHG(
WPAC&PALDAST I 0u012450 ARCUS4HG0
PREAKDMWIAIRD(WPAL rAs AR 0u0l12440 ARCUSS LU
TE INTATA)#0 THEN 30 TO 1L y# 0012500 ARCUS500
FURK N ATHRES DN TFEATIR)eXFF [ ; 0u012510 ArCUSS1U
KeDMLNeDT ARG : Nuo12520 ARCUSSZ0
1F «=0 THEN 61 Vo3 EVALWMATECOD ; 00017530 ARCOS520
DMLOCNT 2B 37eKs 00012540 ARCOS520
TF K=1 THEY CLEARDTI(OMYOINIRILA) S 03012550 ARCUS530
FURK NFEATHRES DN DMFEATIA+RXNNM,KI€TFEATIK Jj Cu012500 ARCOSS40
INTCITAT«TFFATIL3]): 0u012570 ARCOUSSUEY
MULTOWATE » TFFATS ITNTALATKsNFEATURES)S 00012550 ARCOUS550
INTRIAYeTFFATCa )3 Dpe12590 ARCUSS550
Ve INTA[ A NOo012600 ARCOSH60
TF HEURTSTTICY THEN K t 000172610 ArCUubS60
HEGTIN OuL12620 ARCUDS 6L
KAeTNT3IAY, K« INTO ] OpL12630 AgCUub57¢
tNDS 00012640 ARCOSS57¢
IF MIN=D THEN GU TO 2 00012620 ARCUSS T
VMINGTMTATMTA): 0u01I2660 ARCUSSTO
IF HFURTISTICO [EN RReKDe) f ou0l1Z2e/u ARCUSSHBO
HEGTN 00012600 AKCUSSBU
NHeTNTRIMINGS RideINTCIMIN] 0012690 ARCUSSBO
END 00012700 ARCUSSH0
TF <A<kt Faaf Ml 1A Quilzr7io ARCUSS Y0
IF KRCKRA 112 UMINCY+b=y THEN ¢ 00012720 ARCUSE0U
TE VEVMIN ('R W<kl [THLEN up )} [P Fou 1 ( Quulzrl 3o ARCUSE10
MINGA S 0012740 AKCUSE2U
[H MAX=0 TwEN Tb J=d THEN G ! 3 ( U wiOul12720 ARCUSE 3L
VMAX e INTA(YAY]S w2700 ARCUSAUL
T HEURTST

Ht GIN 0 D160 USEYL
KBeTMTRIMAZ ) RUeTMTCIMAX 120490 HCUSESO

LN NDuO1I20U0 ArCOS

[F KA<KE Tk N G 2 H NuNl12810 ARC US

i THEN nARerDey | Yulk 12/ 10 (CUELU




1F KkR<kA 07 VUMAX<Vyeé=5 THEN GNR TN Q3
IF V<YMAX 0R KC<Kp THENL GO TN L4 TLSF GU TO
MAXe€MTNS
Ean FOR JLONPS
MAXe]F MIN=O THFN MAX ELSE MIN;
tEND FNORTD LONPS
FIIRK NFEATURES DN TFERATI®leXYFEATINITG
TVI«INTHIMAY) ] TU2«INTA[MAX]S
Tv3€IMTCLMAX Y HFEACCFALSES
TF HEURISTTICO THFN TVIeTV3eni
FORK NFEATURES DM PFEATIW)eDMFEATIMAX, <1}
PFEAT(N]eTV?;
END PACEVALS

COMMENT NEWAM SUPERVISES THE GFNERATI(ON OF AMDATA HY FTITHER CALLING
GEMAMDATA OR RETRIEVINA DATA PREVIDUSLY STOREDN TN PAMDAYAS
PROCEDURE NFWAMCPERTUDST )G
VALUE PFRIUN, I
INTEGER PFRION, 1S
REGIN
REAL Q3
AMIND e« AMIND413 ATTACK(T»7 et}
NOTGTeNUDEFENSEF«TUNLATE«F AL SE S}
1F AMFLAG THEN
BEGIN
FORJY MAMDATA DN TF AMDATA[J,0)=0 THEN
RLGIN

LASTPROWedS Je9999;
END
IF MAXAMDT<LASTPROW THEN MAXAMDT €| ASTPRNWS
FORJ NAMDATA DO AMOATALLASTPROW, J1€PAMUTALAMINDS U]

KeAMDATATLASTFRIINS 03
JF K#1 THFN AMDATALLASTPROW,01e0}
[F K#2 THFN ATKTYPE(AMDATATLASTPRAW, 3)»PERLAD)
IF K#l THFN IF k=2 THFN NMODEFENSFe&TRUE FLSE IF
THEN NOTGT«TRUE ELSE TODLATE« TRUF;
WRITECDATANUT p <"AM™, 14>, AMDATA(LASTPROW, 11D}
IF AMUATATLASTPROW»71#0 THEN
HEGIN
AMINDe AMINDY 15
FUR Je| ASTPROW STEP { UNTIL MAMDATA DQ IF
AMDATATJ,08=0 THEN
BEGIN
Keds JeMAMDATA
ENDG
FORJ MAMDATA DO AMNDATACK, JIJ€¢PAMDTATAMIND, JT;
IF MAXAMDT<K THEN MAXAMDTeK;
AMDATATLASTPROWs 7)¢K}
AMUOATATK» 01 €=LASTFRUWS
END
END ELSE
BEGIN
GENAMDATACATTACKL 21 J,ATTACKLL,2),ATTACKII»31»

Q3

PRUC

k=4

ATTACK[T,0)sATTACKITI»S), ATTACK[T,61,ATTACKLI»0],

FULLsFALSF)?
IF NUT NOTGT THEMN ATKTYPF CAMDATATLASTPROW, 31,
PERIUO) §
END IF AMFLAGS
It NODEFENSE THEWN
BEGIN
Ke€AMDATAL|I ASTPROWS 313

00012820
00012830
0u012840
09012850
00012860
0u012870
Np012880
0y012890
00012900
00012910
0u012920
00012930
00012940
00012950
00012960
00012970
00012960
N0012990
0u013000
0u013010
00013020
0v013030
0y013040
06013050
Ou13060
0uG13070
00013080
00013090
0u0131v0
00013110
00013120
00013130
00013140
00013150
0013160
00013170
Oubiidle
NGl 3190
¢cn013200
00013210
00013220
00013230
00013240
00013250
00013260
00013270
00013260
00013290
00013300
00013310
00013320
00013330
0u013340
00013350
00013300
00013370
00013360
00013390
00013414

00013410
00013420

ARCUS670
ARCOS680
ARCU2690
ARCUSTOC
ARCO>700
ARCUST10
ARCOST710
ARCUST720
ARCUDT720
ARCOST730
ARCUST 40
ARCUST 4D
ARCULT750
ARCOS751
ARCO5791
ARCOHSTS?2
ARCUSTEO
ARCOS760
ARCUDTOU
ARCOST760
ARCOUST7 6V
ARCUST 70
ARCUSTTO
ARCUSTHO
ARCUST780
ARCUSTS0
ARKCOST790
ARCOS5790
ARCUST790
ARCU5B00
ARCOS810
ARCODB20
ARCUSB20
ARCuUDB30
AKCUS840
AKCUSB40
ARCOS850
ARCUS860
ARCO5860
ARCOS860
AKCUS5870
ARCOS5870
ARCU5870
ARCOS8H0
ARCO5880
ARCUSBHO
ARCO5890
ARCO5900
ARCOS5900
ARCUL900
ARCUS5900
ARCU5900
ARCU5910
ARCU5920
ARCUS920
ARCU5930
ARCU5930
ARCOS940
ARC05950
ARCU5950
ARC05950




KACAMOATATLASYPRON S 4 )3
TeTGTLCVIKo 0 eTRTLCVIK»8IX(1=DESTPROR)}
RHEAMDATATLASTPROWS 1)
WRITECOATANUT,FUTDESTSPERIND,KBsKA)
WRITE(DATANUTIDRLISNESTTGT»KA» AMDATATLASTPROW» 2],
£, T)5 AMNIREAMNOW=13 ATYTACK[I,71e¢0;

END MOUDEFFENGE FLSF 1F MOTRT THEN

HEGIN
WRITE(DATANUTFDRL)»<meM", 15, HAS NTO TARGET">,
ATTACKITI,0)): AMNOWeAMNAR=1?

ATTACK[1,71¢0

END NOTGYT FILSE TF TNULATE THEN

BEGIN
Ke¢AMOATALLASTPRNW, 3] KAe=13
KE€AMUATATLLASTPROW, 11
FOR J€7,35455 0ON

HEGIN
KLUETOTTANDIK» )5 KOeTDLISTIKCS
It KA<CKD THEN
BEGTM
KAeKI) ! «kBeKCs
END
END S
KECAMDATATLASTPRUWS 4 )3
IF KA#0 THEN
BEGIN
TOLISTIKBICTINDLISTIKS)=1L}
DLISTIKBIENLTSTIKB 1=
END S
IF KA=0 0OR TDMPROB<RAKDAM THEN
BEGIN
TeTGTLOVIK»4YI&TATLCYIKeAIXx (1= DESTPROB)
IKRLTE(DATANUT [DBLI1,DESTTGT,KF, AMDATACLLASTPROW,
PIrKEST)?
END ELSE IF XA#0 THEWN
REGIN

WRITE(DATADUTIOBL)RTLLAM,XE» AMDATAL LASTPRUW,2)

s"TDOM™, KB)S AMNUWeAMNOW=1
END
IF KAZO THEN TDLIST[K3]eKA=13
ATTACKTT,71¢0
END TODOLATE?
END NEWAM;

COMMENT GENALTERS GENERATES A SINGILE ROW Iy ALTERS FROM AM ULATA STORED
IN ROW I NF AMDATAS
PROCEDURE GENALTERS (L)
VALUE
INTEGER
REGIN
LABEL L1sL?2sL32LUsLS5sLe NEXT»LASTS
KACFINALT S
TF HEUR2CIL,PERION)Y THEN
BEGIN
KACKA+13 ALTERSIKA»0)¢[3
ALTERSIKA,1 )¢ ALTERSIKA,?1€¢ALTERSIKA,3)€ALTERS[{KA>»
41€55 ALTFRSI4A,51¢0) GO TO NEXT;
ENDF
KBeAMDATALT,RYS KCe=~PERINODS KFeds
IF COVERED(CAMDATA[II»31) THEN BPACeTRIE FLSF BPACe
FALSE

00013430
00013440
00013450
0v0134060
0u013470
000134560
00013490
00013500
0u013510
00013520
00013530
00013540
0u013550
00013560
00013570
00013580
00013590
00013600
0v013610
00013620
00013630
00013640
00013650
00013660
00013670
00013680
00013690
00013700
00013710
0u013720
00013730
00013740
00013750
00013760
00013770
00013780
00013740
06013800
00013810
00013820
00013830
00013840
00013850
00013860
00013870
00013880
00013890
00013900
00013910
00013920
00013930
00013940
00013950
00013960
00013970
00013980
00013990
00014000
00014010
0p014020
00014030

ARCU5950
ARCLS960V
ARCUS960
ARCUS970
ARCUS98C
ARCL5990
ARCUS990
ARCUS99D
ARCL6000
ARCO6010
ARCVO6010
ARC06020
ARCO6020
ARCOUG0ZU
ARC06020
ARCUG030
ARCUO6030
ARCUGC30
ARCL6030
ARCUB030L
ARCOG04LG
ARCU6G40
ARCL6040
ARCU6040
ARCU6050
AKCO6050
ARCULOOS0
ARCU6050
ARCU6050
ARCL6060
ARCU6060
ARCU60T 0
ARCUB0BL
ARCO6080
ARCUG0%0
ARCLUG0Y0
ARCU6100
ARCO6100
ARCU6100
ARCO6110
AKCUB6110
AKCU6110
ARCL6120
AkCO6121
AkCub1 21
ARCO6122
AKCU6130
ARCO6130
ARCU6130
ARCUG1 30U
ARCU6140
ARCUG140
ARCU6150
ARCO6150C
ARCU6150
ARCUG616U
ARCU6160V
ARCU6160
ARCUG1B0O
ARCUBIGU
AkCO6190




ATATT 5 t K NN [F AMDATA[ K&

NCOGD TR LY
NTALT,71#0)

JALALAMDE T/
INTAFT,004¢0
St

iIFAC THEN
GIN
KAe€KA+Y} Al TFRSIKA,D)1¢T3
ALTFRSIKA,S 160
FURJY 0 DN ALTERSITKA,J)«5:
TF AMDATAT Y, 2)#PERTYON THEN ALTFRSIXA,11¢03
END G
AMDATALT,S ) €KR4+13
[MNIR
GO T NEXTS
KA€KA+1 5 ALTFRSIKAL»0Y€T3 AMDATALT,57eK?}
ALTERSTKAGATE: ALTERS[KA11€0}
1F AMOATA( T W 1=KC THEN
HEGLH
CNMMENT SLT WP CURRENT PFRIDDS
LZtFUR JeKey STFP 1 Us11L KB DD
KEGILN
KGEAMDATALT,J)#

IF KGeN THFWN G TO Laj
BREAKDMWNRND (KG»KN» <D p KD aKE )

TF CHEKBIT(OMVDIDI<EY,KDY THEN GO TU L33
KFeKF+13 ALTIRS(KA.KF)eXGS

END FOR J LONPS
IF KH=NAMNATA THLN
HEGIN
KeBi TeAMDATALT»7]d GO TO L23
ENDJ g
ALTFRS[KA,V)elF KF=4 THFN 0 FLSE KF3$
KeJs
END CURRENT PERFENNS
ALTFRSTRA,?)e0}
FUR JeK#1 STFP 1 UNTIL &= N0
BEGTIN
KGeAMDATAT I 014
It KG<O THEN ¥F HEUR2(I,PERIQOD) THEN GU TO LAST
ELSt GO TN L3 »
BREAKDMWORD CKG KD, RD» XKD oaKE)S
1F CHEKBIT(DMVDIDIKEI»KD) THEN GO T0D L3
KD€OCCURCALTERSIKA»* ), KF+1,KGr6s653)3
IF KDSKF THEN
REGIN
ALTFERSIKA, D¢ ALTERSIKA,KD)I+ALTERSUNES
G0 TO L
END 3
KFeKF+13 ALTERSIKA»KF 1¢KG3
END FOR U LNOP3
IF AMDATA[T,7)#0 THEN
BEGIN
J€AMUATALT»7]t KBeAMDATAIT,8]3 KeB;
GO TO LS5}
END 3
T«ALTERS(KA,0])3
IF KF=4 AND NOT RPAC THEN

0u0l140s0
00014050
NO0I4060

)u0140/70
0y014000
09014090
00014100
00014110
00014120
00014130
0,014140
00014150
00014160
00014170
0u0141060
00014190
00014200
00014210
00014220
00014230
00014240
00014250
0001420600
0u014270
00014200
000142Y0
0u0L14300
00014310
00014320
06014330
00014340
0u014350
00014360
00014370
00014380
00014390
00014400
00014410
00014420
00014430
00014440
0u014450
00014400
00014470
00014480
00014490
00014500
00014510
00014520
00014530
00014540
00014550
00014560
00014570
00014580
00014590
00014600
0v014610
00014620
00014630
00014640

AxCub20t
ARCU6200
ARCO6210
ARCUO6210
ARCU62 1K
ARkCL6210
AkCu6220
ARCLG270
ARCue?270
AkCu62720
ARCUGZ2U
ARCU6230
ARCUGZ30
ARCubZ4U
ARCUG2UU
ARCUG24U
AkCU6240
ARCUE2S50
ARCU6260
ARCUGROU
ARCU6270V
ARCOAZ2TU
ARCU6270
ARCUBZ2HU
ARCU6G280
ARCUG2B0
ARCO6290
ARCU6290
ARCU630U
ARCUG310U
ARCU6320
ARCU6330
ARCU6330
ARCU6330
ARCU6330
ARCU6340
ARCU6340
ARCUbG340
ARCU6350
ARCU6360
ARCU6360
ARCU636V
ARCU6370
ARC06370
ARCO63HU
AKCO6380U
ARCU6390
ARCO63%0
ARCU6390
AkCUBLO0O
AKCUO400
ARCU6400
ARCO6410
ARCU6420
ARCU6430U
ARCO6430
ARCU643V
ARCO6430
ARCU6430
ARC0O6440
ARCO6450




BEGIN 00014650 ARCO6450

KAeKA=13 G0 TO NEXT 00014660 ARC0O6450

ENDF 00014670 ARCO6450

KFeKF+13 ALTERSIXA,KFle0; 00014680 ARCO6460

IF AMDATA[I,21=PFRIOD THEN ALTERS[KA,1)eKF$ 00014690 ARCO6460

ALTERS[KA»3)eKFi ALTERS[KA,21¢HEUR3(KA)S 00014700 ARCUGLT(

KDeALTERS(KA,21)3 00014710 ARCO646D

IF KO=KF AND NOT RPAC THFN ALTERS(KA,2)eKDL=1} 00014720 ARCO6480
CHeCWX(ALTERSIKA:2)=4)} CWNeCWOxX(KF=4)} 00014730 ARCO6460

NEXT? FINALT¢KAS 00014740 ARC06500
END GENALTERS} 00014750 ARC06500

00014760 ARCU6501

COMMENT INITIALALT ESTABLISHES AN INITIAL ALLOCATION FNR THE CURRENT 00014770 ARC06501
PERIUD, X IS THE LUWER BOUND INDEX IN ALTERS,Y THE UPPER AND H 00014780 ARC0O6502

IS A BOOLEAN WHEN TRUE IT IMPLIES MANDATOARY FENGAGEMENT OUFALL AM300014790 ARC06503
PROCEDURE INITIALALT(X,Y,H)} 00014800 ARC06510
VALUE XsYsH} 00014810 ARC06520
INTEGER X»Y} 00014820 ARC06520
BOOLEAN H} 00014830 ARCV6520
REGIN 00014840 ARCU6520

COMMENT DETERMINE INITIAL FFASIBLE ALTERNATIVEs, X IS LOWER INDEX 00014850 ARCU6530

AND Y IS UPPER INDEX UF ALTERSs H TRUE IMPLIES MANDATORY ENGAGEMENT;00014860 ARCU6540
BUULEAN BINITS 00014870 ARCV6550
INTEGER AsLsKs T2 KAsKRsKCaKD} 00014860 ARCU6550
LABEL L1sL2sL3sL4sLAFINS 00014890 ARC06550
FIRSTPASS¢TRUES A€ALTX} L€LASTALT) 00014900 ARC06560

LASTPROW®=13 00014910 ARC06560

FOR ALTXeXx STEP ¢ UNTIL Y DO 00014920 ARC06570

BEGIN 00014930 ARCO6570
KA€ALTERSCALTX»41=13 00014940 ARCU6570

KCeALTERSIALTY»IF H THEN 2 ELSE 313 KeO? 00014950 ARC06580

BINIT¢TRUF} 00014960 AKCO6590

KA€KA+1; KBeALTERSLALTXs2KAL3 00014970 ARC0O6600

IF KB=0 THEN 00014980 ARCU6600

BEGIN ; 00014990 ARCU6600

LASTALT€ALTX? KDeALTERSIALTX»81; 00015000 ARC06610

ALTERSTALTX»4)¢KA} SELECTTOM} 00015010 AKC06610

ALTERSTALTX»41eKD3 00015020 ARCU6610

IF NOT FEAS THEN IF W THEN GO TO L2 ELSE 00015030 ARCUB620

BEGIN ' 00015040 ARCUL6620
Te¢TGTLCVIAMDATACALTERSIALTX,0),31,413 00015050 AKC06630

TFEATI9YETFEATLO)+TS 00015060 ARCO6640

GO TO LA 00015070 AKCO6640

END 00015080 ARCO6640

END} 00015090 ARCO6640

EVALUATE(KsKAY} TF FEAS THEN GO TD LA} 00015100 ARC06650

IF KA<KC THEN GO T0 L1} 00015110 ARCO6660

IF NUT BINIT THEN GO TO L43 00015120 ARCO6660

BINTTEFALSES ALTX€ALTX=13 00015130 ARCU66T0

IF ALTX<X THEN 00015140 ARCUBL6T0

BEGIN 00015150 ARCO6670

FLAS¢FALSEY) GO 10 FIN} 000151060 ARCUGETO

ENDJ 00015170 ARCU6670

Ke€ALTERSTALTX 013 00015180 ARCU6680

KC¢ALTERSTALTX»IF H THEN 2 ELSE 31; 00015190 ARCU666U

IF K#KC THEN 00015200 ARCO6690

BEGIN 00015210 ARC06690

KA¢€K; 60 TN L1 00015220 ARC06690

ENDJ 00015230 ARC06690

KB¢ALTERS[TALTX»KI1} 00015240 ARC06700

IF KHB=0 THEN 00015250 ARCO6710




HEGIN 00015260 AKCOGT 10

TeTGTLCVIAMDATALAL TERSEALTX,07»3)5413 00015270 ARCUbLT710

TFEATIQI«TFEATLY]+1 000152b0 ARCO6T20

END ELSE 000152%0 ARCU6T20

BEGIN 00015300 ARCLUGTZU

b XKRe@y THEN SELECTYOM; 00015310 ARCO6T2C

EVALUATE (K D) 00015320 ARCUG7 30

ENDS 0u015330 ARCO6730

ALTEFRSTALTX»U4%€55 L0 TU [ 33 00015340 ARCUGT 20

ALTERSTALTXs U €KA; 0U015350 ARCOGT U0

END FOR ALTX LOAPS 00015360 AKCO6750

FEAS€TRUES FTIRSTPASSeFALSEY LASTALTel 5 0V015370 AKCUBT7060

EVALUATECO.0) S 00015360 ARCO67060

FIN: ALTX€A: LASTALTeL S 00015390 ARCO6770
END INITIALALTS 00015400 ARCULGT 7OV

00015410 ARCO6771

COMMENT LOUKAHEAD DETERMINES THE RFST ALLOCATION FOR THE CURRENT PERIQD 0u015420 ARCUGT 7}
GIVEN THAT THE NEXT PERIND AM ARE <NOWN3} 0v015430 ARCU67T2
PRUCEDURE LNOKAHEAD 00015440 ARCUGTEOD
REGIN 00015450 AKCU6THO

COMMENT CALCULATE DECTSTON GIVEN NEXT PERIOD AMS) 00015460 ARCU6T Y90
INTEGER 1»JsKsKAs KBy KCoKPsKEsKFs s Ls VAsVCo VN VE, VF 3 00015470 ARCU6500
REAL I:H] 00015480 ARCU6B00
LABEL L1sL2s0L3» LSsLFEASSFINS 00015490 ARCUGB10
BOULEAN FLIPS 0u015500 AKC06810
DEF INE CHANGE = 00015510 ARCO6830
BEGIN 00015520 ARCU68B30

LVieVA; 00015530 ARCU6830

LV3€VC3 TFEATIO1¢|. V2¢VB3 00015540 ARC0O6830

FORT NFEATURES NO 00015550 ARC06830

BEGIN 00015560 ARCU6830

LFEATURECTIY«TFEATII} 00015570 ARCU6840

LPFEATURECY)e¢PFEATII 00015580 ARCU6840

END S 00015590 ARCO6840

FORT FINALT DN LBESTCNMBLTII€ALTERS(T,ALTERSLI»4115 00015600 ARCU68B50

1F OUuT3 THEN 00015610 AKCO6860

BEGIN 00015620 ARCU6860

WHITEC(NATAOUTIDBLY) S 00015630 ARC06860

WHITECDATADUT »<"LBFSTCUMB"» 30(¢(X1,A2)5, 00015640 ARCO6870

FURT FINALY DO LBESTCOMBLI1)} 00015650 ARCUGBT70

WRITE(DATAOUTIOBL)»<10 F12,4>,F0OR]I NFEATURES DO 00015660 ARCO688BU

PFEATIT]) 00015670 ARCU6BBO

ENDZ 00015680 ARCO6880

END#» 00015690 AKCU6890

SETUP= 00015700 ARCU6900

BEGIN . 00015710 ARCU6900
MULTCWATE,TFEAT»VBsK,NFEATURES) S 00015720 ARCO690V

IF HEURISTICY THEN VAeVCe¢O ELSE 00015730 ARCUE910

BEGIN 00015740 ARCU6910

VACTFEATL4Y} 00015750 ARCU6910

VCETFFATL3)Y 00015700 AKCU6910

END 00015770 ARCU6910

END#» 00015780 ARCU6910

CK=TF VA<LV1 THEN CHANGE ELSE IF LVi<VA OR LV2<VB+8=5 00015790 AKC06920

THEN KeK ELSE TF "VR<LV2 NKR VC<LV3 THEN CHAMGE ELSE IF 00015800 ARCU6930

VC=LV3 THEN 00015810 ARCO6930

BEGIN 00015820 ARCU6930

VDEPFEATCU]} VE«PFEATIO1; VFePFEAT[3]1} 00015830 ARCO6940

IF VD<LPFFATURE[4] THEN CHANGF ELSE IF LPFEATURE[4100015840 ARCU6950

<VD OR LPFEATIHRE[OJ<VF+R=5 THEN KeK ELSF IF VE< 00015850 ARCU6960

LPFEATURETO] NR VF<LPFEATURE(3] THEN CHANGE 00015860 ARCU69T0




END#, 00015870 ARCO6970
TVALUE= TGTLCVIAMDATACALTERSIALTX,01,3),4]) ¥} 000158860 ARCO6980
FORT! NFEATURES PO XFEATTLIeTFEATIITS 00015890 ARCV6990
A¢ALTXS Lel ASTALYS FLAGeFALSES 00015900 ARCO6990
LASTALTeFINALT? 00015910 ARCLT70CO
INITIALALTONFXTALT,»FINALT»TRUED S 00015920 ARCO7010
TF NOT FEAS THEM INITIALALTCNEXTALT,FINALT,FALSED; 00015930 ARCO7020
SETUPS 1F Lv2=0 THEN CHANGF ELSE (Kt 00015940 AKCO7030
ALTXE€NEXTALTS LASTALTeFINALTS 00015950 ARCO7040
TF ALTX>FINALT THEN GO TN ETN; 00015960 ARCO7050
KCeALTERSIALTX»2%5 KACALTERS[ALTX,073 00015970 AKCOT7060
1F KC<KA THEN KCe¢KA; FLIP€FALSES} 00015980 ARCO7060
1F KC=5 THEN 00015990 ARCO7070

BEGIN 00016000 ARCO7070

ALTX€ALTX+13 GO TO L2 00016010 ARCO7070

END 00016020 ARCO7070
1F KA<KC THEN KBeKA+1 ELSE 00016030 ARCO7080

BEGIN 00016040 ARCO7080

KB€S53 FLIPeTRUE 00016050 ARCU7080

END} 00016060 AKCO7080
KECALTERSTALTX»KED S 0v016070 ARCUT7O090
KO€ALTERSIAL TXsKR1?$ 00016060 ARCO7090
IF KD=0 THEN 000160Y0 ARCO7100

BEGIN 00016100 ARCO7100

ALTERSTALTX,4%¢KB3 SELECTTDM; 00016110 ARCO7100
ALTERSIALTX»G4YeKAS 00016120 ARCO7100
IF NOT FEAS THEN GO TN LFEAS 00016130 ARCO7110
END ELSE 00016140 ARCUT110
BEGIN 00016150 ARCO7110
BREAKDMWORD(KD»KF»KFskF, KG)3 00016160 ARCOT7120
IF CHEKBIT(DMVOIDIKG]»-KF) THEN GO 71O LFEAS 00016170 ARCU7120

END S 00016160 ARCO7120
IF KE=0 THEN 00016190 ARCO7130

BEGIN 00016200 ARCO7130

FLAGETRUES: GN 10 L3 00016210 ARCO7130

ENDJ 00016220 ARCO7130
IF KE<@4 THEN 00016230 ARCO7140

BEGIN 00016240 ARCO7140

SELECTTNDM; GO TN L3 00016250 ARCO7140

ENDJ 00d16260 ARCO7140
ALTERSIALTX»41¢KR; EVALUATECKAsKB) 00018270 ARCO7150
IF FLAG THEN 00016280 ARCOT7160

BEGIN 000162%0 ARCUT160

FLAGeFALSE S 00016300 ARCO7160
TFEAT(9)«TFEATI9)=TVALUE 00016310 ARCO7170

END 00016320 ARCOT7170
SETUP; CK; 00016330 ARCU7180
IF FLIP THEN ALTX€ALTX+] ELSE ALTX&NEXTALTS 00016340 ARCO7190
GO 10 L2J 00016350 ARCU7190
KBelF KB<KC THEN KR+1 ELSE 53} 00016360 ARCO7200
IF KB=KA THEN 00016370 ARCUT7210

BEGIN 00016380 ARCUT7210

ALTX€ALTX+13 a0 T0O L2 00016390 ARCO7210

END 3 00016400 ARCO7210
IF KB=5 THEN FLI®€TRUES 60 TO L1} 00016410 ARCOT7220
FOR TeNEXTALT STEP 1 UNTIL FINALT DD 00016420 ARCO7230

BEGIN 00016430 ARCO7230

KE€ALTERSI T4 KF€ALTERSII»KEDS 0u016440 ARCO7240
BREAKOMWORD(KF»KAsKAsKB,KC)} 00016450 ARCOT7240
IF KF#0 THEN 'F KA=0 THEN 00016460 ARCULUT7?250
BEGIN 0u016470 ARCO7250




ALTERSTI»KFE)«0} 00016480 ARCO7250

TOLISTrKC1eT ISTIKCI+1 00016490 ARCO7250

END ELSFE 00016500 ARCO7250

BEGIN 00016510 ARCO7250
KD€DMLOCO[KR»KC+31«DMLOCOCKB,KC+31+13 00016520 ARCOT726(

IF KD=1 THEN CLEARRITC(DMVOIDIKCI»KB)S 00016530 ARCO7270

END S 00016540 ARCO7270
ALTERS[T,41€5) 00016550 ARCOT7270

END FOR I3 00016560 ARCO7270

FORT1 NFEATURES MO TFEATrIjeXrEATCI} 00016570 ARCO7280

ALTX€A} LASTALTe| # 00016580 ARCO7280

END LOOKAHEADS 00016590 ARCO7290
0V016600 ARCO7291

COMMENT SETATTACK PREGENERATES AMDATA INFO AND STORES 1T IN PAMDATA FOR 00016610 ARCO7291
AN ENTIRE ATTACK, USED DURING TRAINING AND COMPARISUN RUNS}: 00016620 ARCO7292
PRUCEDURE SETATTACK 00016630 ARCUT7300
REGIN 00016640 ARCO730G0

COMMENT SET UP AM DEFENSES TN PAMDATA FOR ENTIRE ATTACKS 00016650 ARCU7310
INTEGER LrlsdsKi 00016660 ARCO7320
AMIND€O; CURATT¢1; 00016670 ARCOT7320

FORI1 999 DN 00016680 ARCO7330

BEGIN 00016690 ARCO7 330

PERTIOD«I3 00016700 ARCU7330

FOR L¢CURATT RTEP 1 UNTIL NAM DO JF ATTACK[Ls1]S 00016710 ARCUT340

PERIUD THEN 00016720 ARCO7340

BEGIN 00016730 ARCO7340

AMIND«AMIND 41 3 00016740 ARCO7350
GENAMDATACATTACKILs 13»ATTACKIL»23»ATTACKIL,3])s 00016750 ARCU7360
ATTACKIL»4Y»ATTACKIL,S)s ATTACK[L,»61»ATTACK[L,0100016760 ARCOT7370

»FULLSFALSF) S 00016770 ARCU7370

FORJ NAMDATA DO PAMUYALAMIND»J)1¢«AMDATALLASTPROW, 00016780 ARCO7380

Ji1} 00016790 ARCO7380
PAMDTATAMIND»O0)€IF NODEFENSE THEN 2 FLSt IF 00016800 ARCO7390

NUTGT THEN 3 ELSE IF TOOLATE THEN 4 ELSE 13 00016810 ARCOT7400
KeAMDATATLASTPROW, 713 00016820 ARCUT410

IF K#0 THEN 00016830 ARCO7410

BEGIN 00016840 ARCOT7410

AMIND«AMINDI+1} 00016850 ARCUTHL1O

FORJ NAMDATA DO PAMDTALAMIND»JI€AMDATALIK,J)} 00016860 ARCO7420

AMDATATK»01¢0 00C16870 ARCUT7420

END} 00016880 ARCUT420

AMDATAT1,0%¢05; 00016890 ARCU7 430

END ELSE 00016900 ARCO7430

BEGIN 00016910 ARCO7430

CURATTeL3 | €999} 00016920 ARCO7430

ENDJ 00016930 ARCO7430

IF L=NAM+1 THFN 1¢1000 00016940 ARCOT 440

END FORI} 00016950 ARCO/7 440
PERIOD«MAXAMNT 08 AMFLAGeTRUES CURATT«13 00016900 ARCUT 450

AMIND«O 0V016970 ARCUT450

END SETATTACK; 00016980 ARCUT 460
00016990 ARCO7470

COMMENT START DF MAIN PROGRAM, 00017000 ARCUT7470
VARIABLES ARE INITLALIZED, ENVIRONMENT DATA IS READ IN AND STOR=00017010 ARCO74T71
ED» PARAMETERS CONTROLLING THE RUN ARE SET AND THE FTRST ATTACK 00017020 ARCUT4LTZ
IS ENTERED. THIS WURK TS DNNF FROM HERE TO LABFL NEXTPERIOD; 00017030 ARCO7473
TME€TIMEC1)) 00017040 ARCO7490
HEURISTIC2¢HEURTISTIC3¢HEURISTICUCHEURISTIC7€SO0Ke 00017050 ARCO7500
HFURISTICBeFALSFS 0v017060 ARCUT7500
RFPEAT€TREPEAT«CYCLF¢SAVECYCLF €NUMGRPS «GRPCUTOFF«03 00017070 ARCU7501
PACIN«FALSES REWIND¢(PACDTAF)YS REWINDCPACDMSF ) 000170060 ARCO7510

«0
]




ES |m=m BEE = = EE B

REPORTS:

COMMENT

REBRUILDPAC& AL <f 3
ANJAWATE ¢ NEWWATE €L FARNTNGEL SAVE€HDUKT « 8NNK2eHEIIRISTIC ) ¢
HEURISTICS«F Al SF
HEURISTICAEHEURTISTIFO«HFURISTIC10€QUTI€NUT2€LIT3€NUT7¢
FALSES ANSWEREANSCNMLebNSKHASERSEFD€RPACeF 8 SE $
MINATT €l EVAL CNTESHBEVALCNTC0S CURATT e
MAXAMDT«03 MAXPFRINNeAN; NPACDMS«N; Nle3s
PACDTANSETOTVALUF € AMIND€0F AMFI AGeFAL GF ¢
FNRK NTYPE=1 DN SETPNESCUMVNINIK]Y;
SETRIT(ALTERSONF 17
PERINDE NDMe HAMeNPAN € NPACDTA«AMDET« AMNAWEODS
ACTIVEINDEX€99 3
READCDATAINS /s MSURPMSORSNTYPTAESTOTAM, TDMPRUB»DESTPRURB,
MINTGTVAL)
READCDATAIN [NNY»A,CONE)[RPROCFSSTS
IF cOnE="T " THFN AEMTARGETS:
IF CONE="SP " THEN GEMDMSPECS
IF CUDE="TOM™ THEN ALENTOLISTS
[F CODE="DM " THEN GCNDMLOCOS
IF CUDE="AM " THEN GENMATTACK
IF CUDE="GRU™ THIEN
REGIN
READCOATATIN, /21T ToNUMGRIPS»Ke4»50%J1 £ DD INTCLJ)) 3
COMMENT "GRUUP, I5NF sNUMGRP S K SITESs 144,E7C";
FURJYL ¥ DN GROYPSTINTC[J))els
GU TU REPNRTS
FND3J
IF CUDE="PAC™ THEN PLAUSIBLF S
IF CUDE="HEU™ THEN
REGIN
SETHEURE G0 TN RFEPNRTS
END?
IF CODE="ENU" THEN
REGIN
RLADCDATAIN)Y GO TO PROCFSS
FND}
IF CUNDE="WAT™ THEN
REGIN
READCDATATIN, /5 TFNRT L NFFATURES DO WATELI))B
GU TO REPORTS
END
IF CODE="CUR" THEN
REGIN
READCDATAIN, /» TsFURIT NFEATURES D0 REPWATEIL])S
GU TO REPORTS
END
IF CODE="RAN" THEN
REGIN
READCDATAIN,/»T,RSFED); GU TO REPORTS
FND
IF CUDE="CUM"™ THEN
REGIN
READ(DATAINY; COMPARUNETRUE ;
GO REPNRTS
FND S
IF CONE="TRA" THEN
RFEGIN
READCDATAING /515 T1»CYCLES»T»REPEAT) S
"TRAININGsCYCLF»2,REPEAT,10";
SAVECYCLE«CYCLES
IF REPFATS10 THEN LSAVE«l CARNING¢TRUF;

0u0170%0
00017100
0u017110
00017120
00017130
00017140
0uL017150
00017100
0uu1l7170
000171060
0u017190
00017200
0u017210
00017220
00017230
0u017240
Qu0l17250
00017260
Oyd17270
Nu017240

'W0172v0
0p017300
0u017310
0uw017320
0L017330
0u017340
0u17350
0ul17360
0vulr3r7o
0u0Ll7380
00017390
0u017400
00017410
00017420
0u017430
0u017440
0u017450
0u01l7460
0017470
0ud174b60
00017490
0u017500
0v017510
00017520
00017530
00017540
00017550
0u0175060
00017570
000175060
0u0l175Y0
Ouul70600
Opul17610
00017620
00017630
0u0l7640
0u017650
00017660
0u0176/70
0u017680
0u0l7690

ARCOT7S510
ARCUT7520
ARCOT7520
ARCur7S21
ARCO7522
ARCUT7S3C
ARCOTS540
ARCO7S40
ARCO7550
ARCO7550
ARCUTS6H0
ARCOT7560
ARCO7570
ARCQT7570
ARCOT7580
ARCO7590
ARCLUT7600
ARCUTE10
ARCL7620
ARCUT7630
ARCO7640
ARCUTF40
ARCUT 650
ACU7650
ARCUT 660
ARCUT6E6L
AKCOT 660
ARCU76/U
ARCO7 680
ARCO76b60
ARCOT7 68U
ARCO7680
ARCUT 690U
ARCOUTEYL
ARCLUT7 690
ARCUZ7690
ARCU7700
ARCUT 70U
aRCO7700
ARCO7710
ARCOT7TT710
ARCUT7720
ARCUIT7 20
ARCO/ZT720
ARCOTT30
ARCU7730
ARLUIT 40
ARCUZT4LO
ARCUO/7 740
ARCU7740
ARCOT 751
ARCUIT751
ARCUZITH]
ARCO7751
AnCur75l
AKCUZI7S0
AkRCu/7750
ARCOU7 75U
ARCUT 76\
ARCUTT760
ARCu777V
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INTEGER

1palslatd)s
0
N0 SPLDCO(KeDUO

CUMMEN |




T NCCHR(CINTG v JsKphebr2)z.) THFN
BERTN
PICHEHARS(KoKHshoT92) 5
INTAPTKR I INTALKR) 4135
END
END S

END
KAe=1! KRe9QQ;

FORI1 NDM DD

REGIN

KCEINTATT I TF XKC<KA THEN KB«K(;
1F KA<CKC THEM KAeKCS

END G
IF KH=0 THFN Kief)

ITF KA=KR THEN KEeKMekA+l ELSE [F KA~KB=1 THEN

BEGIN

KEeCKR? KMekA+]
END ELSE
REGIN
KE€KA? KFe99: Keii
FOR TekKd STEP { UNTIL KA DO
HEGIN
KCeOs
FORJY NDM DN TF INTA[JIST THE KCeKC+1;
IF KC>(K/3)XNDM THFEN IF K=1 THEN
REGIN
Ke?j Kiel
£np ELsE
REGIN
KFelt Texa
END 3
END FORT

END 1FKAS
FORI1T NDM DN

BEGLN

KA€INTALTL Y
[H KASKF THEN ScTHIT(THREFCOR»T) FLSE IF KA>KE
THEN SFTRITY(TWOCOR, 1)

END FORTYS
PICKCHARS(THOGOR,PACDTATO»0)s1,158);
PICKCHARSCTHRFECORSPACOTALOS1),15128)5
PACDTA[O,2)1eNPACS
[F RLBUTLNPAC THEN

BEGIN

COMMFNT <ETUP PACUTAF ANMD PACDMS (IN DISK;
N3ens
FURIt 13 DN
BEGTN
FORY 29 LN
BEGIN
MOVEVNDRODCPACDTANI,INTCIJ)) ¢
N3eN3I+1
FEND
WARITE(PACDTAF »30,INTC[*]});
END S
KA€29;
FURI1 R NN
BEGIN
WRITE(PACDMSE L%, FOR JeKA=29 STEP § UNTIL KA
DO PACDMST ST )2
KAeKA 3N

0u018310
0un18320
00018330
00018340
0018350
000183060
0v0186370
0u018360
0uu183v0
00018400
00018410
00018420
0uo18430
0u018440
00018450
00018400
00018470
00018400
000184Y0
ODu018500
00018510
00018520
00018530
0uL018540
0u018550
00018560
0u018570
00018580
00018590
0u018600
00015610
00013620
0u018630
00018640
00018650
000186060
00018670
000186480
00018690
0pvl18700
0001e710
QuO18720
Cu018730
Qu01B8740
00018750
00v018760
0v0187/70
00018780
00018790
0u018800
0LO1B810
00018820
00018830
00018640
00018850
0v018860
00018870
00018880
0u0ts8Y0
000 1THYO0
01 "10

ARCUT990
ARCUT990
ARCUB00O0
ARCOB0O0O
ARCLUBOULY
ARCUBOOO
ArCuB000
ARCUBO20
ARCUBOZ0
ARCUB020
ARCUBO020
ARCOBO30
ARCUBO 30
ARCO8C 30
ARCUOBOSU
ARCUBOSO
ARCUBOS50
ARCUBOS0
ARCUB050
A%COB050
ARCOBOEV
ARCLBD60
ARCUB06U
ARCOBO70
ARCUBOYO
ARCUBO90V
ARCUBOYOU
AKCOBO90
ARCUBOYU
ARCOUBOYO
ARCOBOYO
ARCUB10U
ARCUBI10
ARCOB120
ARCLB120
ARCOB120
ARCOB1 30
ARCUB140
ARCOB140
ARCOB150
ARCUB160
ARCUB160
AKCUBITU
ARCUbL7U
ARCUBL 70O
ARCUB1B0
ARCUB1H0
ARCUB18E0
ARCUB1B0
ARCUB1HO
ARCOB180
ARCOB190
ARCUB190
ARCUB190
ARCUB19U
ARCULBZ20U
ARCLUBZ200
ARCOB200
ARCUB200
ARCOB210
ARCOB210




END 00018920 ARCUB210
END NU018930 ARCOB210
LND ELSE Oy018940 ARCOB210
HEGIN 00018950 ARCOB210
COMMENT SET UP PACDTA AND PACDMS FROM DTSK} 00018960 ARCOB220
N3ens 0pvl1B8sero ARCOB?230
FORT1 13 N0 0018980 ARCVUB230
HEGLIN 00018990 ARCUB230
READ(PACDTAF 30, INTCI*1)3 00019000 ARCOB230
FORJ 29 920N 00019010 ARCUB240
HEGIN 00019020 ARCOB240
MOVFUDRNCINTCLJII»PACDTANZ) S NB019030 ARCOB240
MIeNT+Y 00019040 ARCLB240
END 00019050 ARCOB240
ENDS 00019060 ARCOB240
KA€2G3; 00019070 ARCOB250
FORI1 B8 DN 000190480 ARCUB250
BEGIN 0w0190Y0 ARCUB?250
READ(PACOMEF »xsFQR JeKA=29 STFP 1 UNTIL KA 0O Np019100 ARCO08260
PACDMSTJU))E KAekA+30 00019110 ARCOB260
ENDS 00019120 ARCUB260
PICKCHARS(PACATALO»0)s TWNCNR»1515R)3 00019130 ARCOB270
PICKCHARSCPACNTATO»11, THREECOR, 151,R)} 00019140 ARC( 3280
NPAC¢PACDTATD,21} 00019150 ARLCUB280
END [F PACING 00019160 ARCUB290
WRITECDATANUTIORL J,<™LMMNBL">)} 00019170
FURI1 NDM DD [F EHFKRITCTWOCOR, 1) THEN WRITE(DATAUUT»<00019180
13>,1)3 WRITECDATAOUTLDNBI 1)3 00019190
WRITEC(DATAQUTDBL J»<"DMMNB2">); 00019200
FORT1 NDM DD TF PHFKRITC(THREECOR»T) THEN WRITEC 0v019210
NATADUT»<13>,1)3 00019220
IF REPEAT=999 THFN FORIt NAM DO ATTACKII»11¢C(I DIV 5)+400019230 ARCOB300
13 IF CYCLE>1 DR COMPARUN THEN SETATTACKS 00019240 ARCUB310
IF WATEL11=0 THEM 00019250 ARC0B8320
BEGIN 00019260 ARCUB320
READCPACDTAF[131»NFEATURES+1»REPWATEL*)) 00019270 ARCUB320
READCPAGDTAF[ 141 NFEATURES+1,WATE[*1) 00019280 ARCOB330
END ELSE IF ADJWATE THEN 000192%0 ARCOB330
BEGIN 0v01v300 ARCUB330
WRITLCPACDTAFT13)sNFEATURES+1,REPWATEL*1)} 0pd19310 ARCUB340
WRITECPACNDTAFF141,NFEATURES +1,WATE[ %))} 00019320 ARCOB350
REWIND(PACNTAF)} 00019330 ARC0B350
ENDJ 00019340 ARCOB8350
IF WATE[11=0 THEN 00019350 AKCOB360
BEGIN 00019360 ARCOB8360
WRITL(DATANUT»<"WEIGHTS ARE ZERDO">)} 00019370 ARCOB360
GO TO FINTSH 000193860 AKCO8370
END? 00019340 ARCUB370
WRITE(DATAOUTCNBLI) 00019400 ARCOB3T7V
WRITECDATADUT»<"TNITIAL FEATURE WEIGHTS ™«8 F10.5711 00019410 ARCOB380
F10,5//>sFORT1 NFEATURES DO WATE(I1); 00019420 ARCUB3%0
WRITECDATAOUT»<"INITIAL WEIGHT REPEATS "8 110711 00019430 ARCOB400
110//>,FURIY NFEATURES DO REPWATE[I)); 00019440 ARCUB410
WRITE(DATADUT»<"INITTAL VALUE OF TARGETS IS%"»F12.5///>00019450 AKRCOBU420
» TOTVALUE) 00019460 ARCOBU?20
END PSEUDU BLOCKS 00019470 ARCUBH430
TME«TIMEC1) 5 LNCK(PACDTAF); LOCK(PACDMSF); 00019480 ARCOB4S]
IF NAM=0 THEN 6N TN FTINISH} 00019490 ARCUB460
00019500 ARCOB4UG1]
COUMMENT OATA RELEVANT TO THE CURRENT PERIOD IS ENTERED AT THIS POINT. 00019510 ARCOBUGL
IT INCLUNDES NEW AM ENTERING THE SYSTRM AND ANY PARAMETRIC DATA 00019520 ARCUBULG2




al e Ep = =

FOR NEFENSE OR ENVIRNNMENT CONTROL. FOLLOWING DATA RFADIN,

TABLEOVO19530

AMUATA AND ALTERS ARE GENEQATED» PLANNING GROUPS ESTABLISHED 00019540

ANU HOUSEKEEPING ODUNE FOR TRAINING IF IN THE TRAINING MUDE.

00019550

FINALLY» IF HEURISTIC H7 IS ACTIVE THEN THE "WHITES=0F=EYES"™ 00019560
ALLOCATINN IS SFLECTED AND RRANCE [S MADC TO SIMULATE RESULTS: 00019570

NEXTPERIOD? PFRIUNEPERIUN1 S
QFGIN
CUMMENT THIS PSEUDN BLNCK ENTFRS A4S FNR CURRENT PERIUD;
LABEL INTERREP» INTOVER NEXT S
UNPACKC(TYPATK»INYC)}

00019580

00019590
00019600

0w019610
00019620

WRITECOATADUT s<X1/"ACTIVF TARGETS "»R(X2»A1)/>,F0RI 00019630

NTYPT=1 DO INTCIVY))}

00019640

WRITECDATANUT»<"TIME T0 PROCESS PFERIND™, T4s»" IS",F8,2,00019650

" SECONDS">, PERTON=1,(TIME(1)=TME)/K0)}
TMETIME (Y)Y WRITFC(DATAOUTCPAGE]))S

00019660
00019670

WRITECDATANUTCNRI 1, <"ENTFRING RERIOD",14>,PERIOD) 00019680

[F BOOK?2 THEM

BEGIN
ANSWLR«TRIIE;
FOR1 10 DN LBESTCOMBIT)«ROOKANSWER[PERIND» 11}
LEARNINGEANSHASCANSCOMBeFALSES
GO TU INTOVER)

END ELSE

BEGIN
ANSWEREANSWAS€ANSCUMB«FALSE S
LEARNINGe SAVE

END 3

INTERREP: READCDATAIN [NDJ,A,CODE)CINTOVERD
IF CODE="ANS"™ THEN
BEGIN

0v019690
00019700
0uo0l9710
00019720
0u019730
00019740
00019750
00019760
ouv197/70
00019780
00019790
00019800
0u019810
00019820

READ(DATAIN,<X7511(A3,X3)>,F0ORT 10 DO LRESTCOMB(I1)00019830

3} ANSWERETRUE? |LEARNING&FALSES
FORT 10 DN IF LBESTCOMBLII254 THEN SETHBITC
LBESTCOMBrI1,28);}
IF RUOK1 THEN FNRL 10 0N BONOKANSWERIPERIOD,I)e
LBESTCOMRII)3
WRITE(DATANUT»<"ANSWER SPECIFIED">)!
GO TU INTFRREP
END S
IF CODE="PER"™ THFN
BEGIN
READCDATAININO) /o103
IF PERIND=I THEN
BEGIN
READCDATATIN) S
GU TN INTERREP
END ELSE GO YO INTOVERS
END}
IF CODE="END™ THEN
BEGIN
READCDATAINYS GO TO INTOVER
END S
1F CODE="TDM"™ THFN
BEGIN
READCDATAINS /o1 1,DLISTLT])}
GO TU INTFRREP
END
IF CODE="DM ™ THFN
BEGIN
READ(CDATATINS A9 T51sSNDLOCATIX2)»SDLNCOFIX2411)}
GD TU INTERREP

00019840
0001%850
00019860
00019870
00019880
00019890
00019900
00019910
60019920
00019930
00019240
00019950
00019960
00019970
00019960
00019990
0V020000
0w0c0010
00020020
00020030
00020040
00020050
00020060
0v020070
00020080
00020090
00020100
00020110
00020120
00020130

ARCOB463
ARCUSU64
ARCOBUGS
ARCUB&4GG6
ARCUB4GET
AKCOUB470
ARCOB4TO
ARCOB48C
ARCOB490
ARCO0B8500
ARCOB510
ARCUB510
ARCOB520
ARCUB530
ARCOB530
ARCUB540
ARCUBSS50
ARC0B550
ARCO08560
ARCUBS60
ARCOB8570
ARCOBS50
ARCOB590
ARCOB590
ARCUBSYO
ARCUBS90
ARCUB590
ARCOB600
ARCOB610
ARCOB610
ARCUB620
ARCUb620
ARCUB630
ARCUB6 3V
ARCLB640
ARCOB64U
ARCUBESO
ARCOB650
ARCUBESO
ARCUBE6O
ARCUBE6U
ARCOB660
ARCUBEGO
ARCUB660
AKCUBETO
ARCUB670
ARCUBET O
ARCUBET7O
ARCLUBEBO
ARCOB6BO
ARCUBEBOU
ARCOB6BO
ARCOB690
ARCOB6Y0
ARCUBEYO
ARCOB6YO
ARCOBE90
ARCOB700
ARCOB700
ARCUB700
ARCOBT10




ARCUBT U
ARCUBTZ20
ARCUBT 2V
ARCUBT 2L
ARCUBT2¢

CU

o770
K7

uBT770
BT 70
6780

s760
<0420 UB78U
JE EI.SE f ( WWT2eTRUE YO0 “0B8790

I3¢TRIE f <=4 THEN OUT1e 7 JBEOO
<7 THEN DUT7eTRUF ELSE OUT7e < ) 810
- )0 bH11
0uv bE11
= N ( 882

EGIN ) 50¢( Cubbr
READ(CDAT ) 205 B&

{eN QUT2€FALSF ELSE TF KR=6 THEN 045 BE10

WRITECDAT MENCS LEARNING™ >); ( U883
LSAVE«LF AF 3 A TO INTFRRFP / ARCUB83
LND S v ) CUBR
IF CODE="S THF N 59 Vot
BEGIN ) Ube
OBE4U
vsB4al
0B850
CuBe
END 0y 1 KCUBRS
IF CODE= AR f 000 0 Ubt
HEGLN 0007 3 uge
READCUATATIN 7 X6rRAGO>P KALT) S 0u0Z2064. UBek
FORTY NOM D =TGTTANCT«0) THEN 00 ) ubé
HEGLHN W0Z06¢ ARCUBE
TA€TGTI( { [AVIVE /1) Cubd
TF T<TA THFN 00Ut VBB 7

BEGIN

TATLCNL T 28 ; 0 07Ul
TOTVALUF «T ALNE ¢ T=TA3 20710 ub B
)i 020 vgesu

UBES(

UbBol

= me




HE IS e .

l

INTOVER:

COMMENT SORT

END S 00020750
1F CJDE="LAS™ OR CODE="RyN™ OR CODE="WAT"™ THEN GO TO 00020760
INTOVER; nuo20770
ARTTECDATANUT, <"RAD CARD CNONE "™,A3," CARD DISKREGARDEDL"OUVL020780
>»C00E)5 RFEANCDATATNIS 4N TN INTERRFPS 00020790
FORI NTYPE=1 DN PTCKCHARSC(SOMVTI,DMy0IDCIY»11,8)3 00020800
FORT NTOLIST DN *DLISTCLI)eNLISTCI)S Kels 00020810
FORIYT NOUM DO FOR Je3 STEP { UNTIL NTYPE+2 N0 OMLOCOCI»00020820
JIeSDLOCOTKek+1 11! 00020830
FOR T€CURATT STFP 1 UNTII ~NAM O0D IF ATTACKII»1]¢ 00020840
PERIOD THEN 00020850

BEGIN 00020860

AMNUWEAMNNW+ 13 BMDETEAMRET +13 00020870
NEWAMCPERTNON Y)Y CURATTeI+13 00020880

ENO ELSE TeNAM3 FINALTe=1; FIRSTPASS«TRUE} 0u020890
CWeCWDe1 5 00020900
FURI1 MAXAMDYT DO IF AMDATA[T,01>0 THFN IF HEURISTIC8 00020910
AND TGTLCULAMDATACT»3),041<MINTGTVAL THEN 09020920

BEGIN 00020930

WRITECDATAOUT»<"TARGET ",A06, 0v020940
" VALUE BFLOW MINIMUM, AM",14," TGNORED™/>s AMDATA[0V020950
[»4)»AMDATATI»11)3 AMDATA(T,0)¢0; 00020960
Ke€AMDATA[TY,»T7 11 00020970
IF K20 THFN AMDATA[I,K €D’ 00020900
END ELSE 00020990
BEGIN 00021000
GENALTERS(T)3 FIRSTPASSe«FALSES 0v021010

END 00021020
LASTALT€FINALTS WRTITECDATABUTCODBL]) 00021030
ARITECDATAOUT, COAMRINsCW»CWN); 00021040

00021050

ALTERS»AM ENGAGEARLE YN CUKR PERIOND IN LDW DROER POSITIONS 0u021060

KAeDs 00021070
FURT LASTALT DD [F ALTERS(I»11#0 THEN 000210060
BEGIN 0v021090
FORJ 11 NN 00021100
BEGIN 0v021110
KB¢ALTFRS[YA»J )} 00021120
ALTERSIKA»J)¢ALTERSLTISJ]} 00021130
ALTERSTTI»JY¢KB} 00021140

END 3’ 00021150
KA¢KA+1 00021160
END} 00021170
FUTALT¢KA; RPAC«FALSES 00021180
IF FIRSTPASS THEN IF CURATTSNAM THEN GO TU NEXTPERIOD 000¥11%0
ELSE GO TN FINISH} 00021200
[F FUTALT=0 THEN GN TU STMRESULTS 00021210
IF LEARNING THEN 00021220
BEGIN 00021230
NEXTALT€FINALT+13 TREPEAT€1s 00021240
WRITEL(DATAOUTs<// 00021250
"NEXTPERIND AMS FNOR LFARNING PROCFSS"//>)3 00021260
FOR L€«CURATT STEP 1 UNTIL NAM DO TF ATTACK[I,1)< 0v0z12/70
PERTUD+1 THEN 00021260
BEGIN 00021290
AMNOWE AMNOW+ 15 AMDFT«AMDET+13; 00021300
NEWAMCPERIND+1,51)7 00021310

[F NOTGT 0OR MODEFENSE OR TNOLATE THEN KeK ELSE 00021320

GENAL TFRSCLASTPROW) } 00021330

CURAT T+« 141 00021340

END ELSE TeNAMS 00021350

ARCOBBEO
ARCOBB90
ARCUBBYO
ARCOB900
ARCOB91U
ARCOB930
ARCUB940
ARCOB950
ARCOB9SV
ARCOB960
ARCOB960
ARC0B960
ARC08970
ARCOB980
ARCO8990
ARCO9000
ARC09020
ARCUY020
ARCL9020
AKRC09030
ARCO9040
ARC09050
ARCLYONS0
AKC09050
ARCO9050
ARCO9050
ARCU9060
ARCO9060
ARC09090
ARCO9090
ARC09100
ARCU9100
ARC0O9110
ARCO9110
ARCU9110
ARCU9110
ARC09110
ARCO9120
ARC09120
ARCO09120
ARCOUY9120
ARC09120
AKCO9120
ARCO09130
ARCO9140
ARCU9140
ARC09150
ARCO9160
ARCO9Y160
ARCU9160
AKCU9170
ARCU9170
ARCU9180
ARC09160
ARC09180
ARCU9190
ARC09190
ARCO9200
ARCO9200
ARC09210
ARCU9210




ECDATAQUT»COMBINS W, CWO) S
ECNDATADUTINRL 1)
LEARNINGS
CHW<GRPCUTNFF THEN FORT LASTALT D0 ALTERSLI»11]e0
FLSE IF HEURTSTIF6 THEN FORT LASTALT DO ALTERSEI»11]«
GROUPSTALTFRSITI,5),030:12)7 EISE JF HEURISTICS THEN
FINDGRUUPSCO!I ASTAL TY FLSE
BEGIN
FORT LASTALT "D ALTERS[[»117¢0;
NIUMGRPS €N
END S
1F OQUTY1 THEN
BEGIN
FORI FINALT DN
HEGILIN
WRITE(NATANUTINBI Y)Y,
WRITECDATANUT <3 110>, AMDATATALTERS(T201511,
ALTERSTT»0Y,ALTERSIT.2])¢
KE€AL TFRS[T»3):
FOR J& 5 STEP 1 UNTILL KE DD
BEGIN
BREAKDMWORD CALTFRSIT»J)sKA»KBsKCoKD)
WRTITECDATAQUT »<h Y1029 KAPKR,KCoKL)?
END
WRITE(DATANTa<ItO>»ALTERSII»111)
END
WRITECDATAOUTIPAGE J)
END OUTY;
1F HEURISTIC7 THEN
HEGIN
COMMENT APPLY WEURISTIC 7 T0 SELECT OMS3
FORT FUTALT=1 DO
BEGIN
BESTALT[T)e0; KA«A| TERS[I,1]3
TF ALTERS[{T»®xA1=) THEN
BEGIN
ALTXel? ALTERS(T»8)e¢KA; SELECTTIDM
IF FEAS THEN
REGIN
RESTALTLT)eAL TERS[TXATS
G0N TN NEXT
END ELSE [F KA=9 THEN G} TN NFEX
1
END TNM PARIS
KHeKeN}
FUR JeS5 STFP 1 UNTIL KA DQ
HEGIN
BREAKDMMORDCALTE RS [aJ
KDeNMLOCOTKE s KG+3) 3
IF KD>KR THEn
BEGIN
KReKN; KC#& );
K «0
END ELSE [F XJd40 AND KD=<R TAEN
BFGIN
INTCIK1«Js
Kek 4y
END
eND FNAR J LNUPS
TF KB=N THEN G TN NEXTE INTCIK)ekCi
KE€INTOTENTIERCRANDUMX(K+1)) 3

0uV21360
nNp021370

00021380
00021390
00021400
0,021410
00021420
00021430
0u021440
00021450
0u021460
ou0z14/70
00021480
00021490
00021500
00021510
00021520
0p021530
00021540
NYO21550
10021560
00021570
0021560
000215%0
00021600
00021610
Quu21620
00021630
00021640
00021650
000216060
nNpoz16/70
Np021680
0v0216Y0
nuo21700
0u021710
Nuoz1720
Nu021710
00021 74¢
0uN21750
QU 760
N 1770
021700
0u0217v0
0002180¢
NV02181
JuUZ1620
00021830
Yui21840
0021850
V021860
V21370
NuOeZ1bBU
00021K8%0
00021900
00021910
D07 1920
0001930
Nu0Z1940
Du021950
D0p0z1960

ARCD9220
ARCO9220

ARCOL9230
ARC09231
ARCU9240
ARCQOY926C
ARCO9260
ARC09260
ARCO9270
ARCU92T70
ARCO9?270
ARCUY280
ARCU9280
ARCOU9290
ARCU9290
ARCU9290
ARC09300
ARC0O9300
ARCCY310
ARCU9310
ARCO9310
ARCUV9220
ARCLY330
ARCOY330
AKCOY340
ARCOUY340
ARCOY340
ARCU9340
AKCUY360
ARCO9360
ARCUY360
ARCU9370
AkCUY3 7V
ARCUG3TC
ARCO93IRBE

JHO

AKCO93

ARCUS C
ARCL939GC0
ARCOQ9UQD
ARCUS 40U
ARCUG4QC
ARCOQ4OQ0
ARCU94 10
ARCOY410
ARCOY 410
ARCU9420
ARCUY420
ARCUY420
ARCU94

ARCO94

ARCOY43

ARCU9U30
ARCUY QU0
AKCOY LU0

ﬁ‘ - - ~
{




BESTALTIT)eALTERSIT»KEDS
RREAKDMWORN (BESTALTIT)»CF,XFsKF,KG)J
DMLOCNIKF ,€«G+3)¢DMLOCNIKF,KG+3)=13

END FORT;
GU TU SIMRESULT
END HEURISTIC PROCESS;

FND PSEUDU RLNCK?:

CUMMENT DECISION ROUTINE USING THFE DECISION FUNCTINN,

00021970
00021980
Npo021990
00022000
00022010
Nn02020
04022030
00022040
0u022050

THIS PORTION NF THE PRNGRAM NETLRMIMNES TAL ALLNCATIUN MINIMIZINGO®O22060
THE NECISION FUNCTLON 1INDER CONSTRAINTS IMPNSFN RY ACTLIVE HEURISOV022070

T1CS, IF IN THE TRA[NING 4ADE THE [LSARN[NG PRNCESS 1S APPLIEDS
[EGIN
COMMENT DLCTISTON RONTINE uSTNG DECISINN FUNCTION}
LABEL N1s02sN21s0D3,N4,05,DF IN»>DFEAS,LIT,L123
BUULEAN FLIP»REPFLAGS
DEF INE RESETGRP= KAALTFRS(I,4):
IF KA#J THEN
BEGIN
BREAKDMWORND( AL TERSL T, KA)sKBsKBosKC,4D)J
IF KBEO THEN
BEGIN
DMLNCOFKC»XD+31eKReDMLOCOIKCsKD +31+13
TF KB=y THFN CLEARRIT(NDMVOIDIKN]SKC) S
END ELSF
HEGIN
TULISTIXKN)e KBeTDLISTIKDI+Y}
ALTERSTTIsKAY€O
END S
AREAKDMWNRD(RFSTCOMRIT I, KB, KBsKEC, KD)J
IF KB=0 THEN TDLIST(KN)eTODLISTCKNI=3 ELSE
BEGIN
DMLNCOIKC»XD+31¢ KReNMLUCOIKC,KD+31=13;
IF KBz=0 THFN SETRITC OMVOIDCKNI»XC)
END 3
ENDJ
ALTERSII24)edi Jetnd;
FURI FUTALT=1 N0 BESTALTrI]e0;
FORT NFLATHRFS DN TFEAT(I)eXFEATII]e0;
FLAG¢REPFLAGERPACEFALSE; TREPEAT 1
LV1€LV2€l.y3e03
IF ANSWER THFN FORT 1LASTALT DO
HEGIN
ANSTNDEXTT)eKée NCCUR(ALTERSIIAS)»6, RESTCOMBLI )62
622) +5i
IF K=11 THEN
SEGIN
ANSWER«FALSE$
WRITE(DATANUT ,<"ANSWFR JS INMFEASTRLE">)
END
END S
[NTTIALALTCO,LASTYALT,TRUF )
1F NOT FEAS THEN IMITIALALT(O,LASTALT»FALSE )3}
IF HEURLISTICY THFEN PACEVAL ELSE FORI NFEATURES DO
PFEATLI)€TFEATLTY
FORI NFEATURFS nn
BEGIN
INFEATITYT6FFATURE(T J«TFEATLI )}
LPFEATURFI11¢ PFEATURFITI«INPFEATITII«PFEATLI)
END G
FURT FUTALT=1 N0 BESTALTIIY«IF ALTERS[I,4J<CALTERS(I,

00022080
00022090
00022100
00022110
Np022120
0u0e2130
00022140
00022150
V022160
022170
00022180
0V0z21Y0
Quuz22v0
0u022210
0ule2220
ouL22230
09022240
0u0e2250
0w0e2260
0pLe2270
00022280
NV022290
Nu0e2300
0p022310
00022320
00022330
00022340
0u022350
002223060
00022370
00022380
00022390
NV022400
0u022410
nNp022420
0022430
N0022440
00022450
00022460
00022470
0v0224b0
Nu022490
0v022500
Npoez2510
00022520
0v022530
00022540
00022550
00022560
00022570

ARCC9450
ARCL9U60
ARCUYL60
ARCU9470
ARCCO4TO
ARCL9UT7O
ARCU9480
ARCO9S500
AKCU9500
ARCUY9S(C1
ARCO9S02
ARC09503
ARCO9503
ARCO9S500
ARCO9510
ARCU9510
ARCU9S1 L
ARCU9S511
AKCL9511
ARCU9512
ARCU9512
ARCU9%12
ARCLY513
AkCuU9513
ARCU9513
ARCU9513
ARCUYS1 4
ARCU9514
ARCU9S514
ARCU9515
AKCU9515
ARCUYS51S
ARCUYS10
ARCULYS16
ARCO95106
ARCUYS5106
ARCOU9517
ARCU9520
ARC09520
ARCO9530
ARCU9530
ARCO9540
ARCO9540
ARCOY550
ARCUY9550
AKCUL9560
ARC09560
ARCU9560
ARCU9ST70
ARCO9570
ARCOYST0O
ARCO9S580
ARCO9590
ARCOYS590
AKRCUL9590
ARCU9600
AKCU960V
ARCU9600
ARCO9610
ARCO9610
ARKCL9620




1) THEN ALTERSITs ALTERSTI»&4)) ELSFE 0;
1F LEARNING THENM
HEGIN
LOOKAHEAD S
FORT NFEATURES NGO INLFEATCI)«LFEATURFILI)
END S
ALTXELASTAL T
1F KEPFLAG THFN
BEGIN
REPFLAGEFALSE S

FORT NTYPF=1 N FICKCHAPSCSDOMYIIT,DMVOLIDIL)s1s128))

FORT NTOL TST 0O TOLISTITIeDLISTCTNS Keis
FORI1 NDM DN FOR Je2 STEP 1 UNTI| NTYPE42 LD
DMLOCUTT, 1 eSALOCOIKeK+] 15
FORT LASTALT DN
HEGIN
KACALTERSIT»3); KBeALTERS[I,1)
FUR JeS STEP 1 UNTIL KA DG
HEGIN
BREAKOMUODRDCALTFRSTI T J)oKsK,KD,KCY 3
TJF K=0 THEN JF TULISTIKC)=0 THEN GO TO L1t

FLSE TDLISTIKC)eTHLISTIKCI=y ELSE IF CHEKBITC

DMYNINLYC J,KD) TREN GO 7O L1y ELSE
BEGTN
KeNMI NCOCKD»KC+3)€DMLOCDTKD,KC+3]=17
TF K=0 THEN SETBITC(OMVAIN[KCI»KD)
ENDS
ALTFRS[Ys8)ed}
BESTALTFI)eTF J<K4 THEN ALTFRS[I1sJ] ELSE 0}
GN TN L1127}
END FNR Jt¥
1F ALTFRS[T»LI#KA THEN ALTERSIT,KAJ«O;
END FNRY
FURI NFEATURES NI)
BEGIN
PFEATURECTIY €1INPFEATCID;
FEATUREITIe TFEATITI«INFEAT[1:
LFEATURFITIY«INLFEATCOT )
ENDG
MULTCWATE» TNLFEAT,LV2.1,NFEATURES)
LVI€INLFEATI 4T LV3eIMLFEATI3];
END IF REPFIAGS
MULTCWATES INPFEAT»V2, I, NFLATURES) ;
VI€INPFEAT[8]5 V¥«INPFEAT(3))
PFEATURE (O ev?;
1F NOT ANSWAS THFN FORT NFEATURES DO LPFEATURECT D
PFEATUREL T}
IF ANSWER THFN
BEGIN
FORT LASTALT DO IF ANSINDEXCII#ALTERSII»4] THEN [«
999 1F 1<999 THEN ANSWASe€TRUE
END
IF HEURISTICO THFN LV1elV3eVievieQ:
FURT LASTALT Df RESTCUMBII[Y€ALTERSIT,ALTERST L4715
IF NOT ANSWFR THFIN FORYT LLASTALT DN LRESTCUMBLI)e«
BESTCOMB(I1;
IF QUT?2 THEN
BEGIN
WRITECOATADUT»<"BESTCAMR"»30(X1,A2)/"BLSTALT"»30¢(
X1sA2)/>,F0RT LLASTALT ON BESTCOMP[[1,FUR] FUTALT=1
NU RESTALTIT)YS

000225060
00022590
oubez26v0
00022610
0u022620
00022630
00022640
00022650
N0022660
00022670
000226060
00022690
00022700
op0e2r710
0u022720
00022730
00022740
00022750
00022760
nuo22770
Nu0e2760
nu0227v0
npoz2800
00022810
002820
01022830
00022840
00022850
N00e2860
ouC22870
V022860
00022890
NY0e?2%00
0022910
00022920
00022930
00022940
00022950
0Y022960
Q0022970
QL2960
000229%0
00023000
00023010
NVoZ3vey
00023030
0y023040
0023050
023060
0Q0z5070
00023080
060230v0
00023100
00023110
0023120
00023130
00023140
00023150
0u023160
00023170

Dub23160

ARC19630
ARC0D9640
ARCU9640
ARCOYE640
ARCO9650
ARCO965¢L
ARCL9660
ARCU9660
ARCOD9660
ARCO9660
ARCU9670
ARCO9680
ARCUYEY0
ARCO9690
ARCO9T700
ARCU9T700
ARCO9700
ARCO9710
ARCOYT710
ARCU9T710
4ARC09720
ARCO9750
ARCNZ730
AkCO9T30
ARCO9740
ARCO9740
ARCOU9TA4LO
ARCOY750
ARCOUYTSO
ARCOUYT760
ARCOYT760
ARCU9770
ARCO9780
ARCU9790
ARCUYTSO
ARCOUYTY0
ARCO9800
ARCOYB0O0
ARCO9BUO
ARCU9B10
ARCOYRLO
ARCLYB20
AR 30
AR 10
AR 4+ 0
BRCUYNSY
AKCuUYBS0
ARCUYEB60
ARCOYB6UL
ARCU9B70
ARCOYETO
ARCOYBTO
ARCuUYBEO
ARCOYBYU
ARCOYC0O
ARCUYSOU
ARCUYY10
AKCUY910
ARCOUY920
ARCUY9 30
ARCUY930




WRITECDATANUT <10 F10.4 />,FOR] NFEATURES DO 0v023190 ARCO9940
INPFEATIT ) 00023200 ARCU9940
ENDZ 00023210 ARCU9940
GRPNOW«O0 5 00023220 ARC09950
IF ALTX<O THFMN IF ARPNOW=NUMGRPS THFN G0N T0 OFIN ELSE 00023230 ARC09960
BEGIN 0,023240 ARCO9960
FORT LASTYALY DO IF ALTERS[I,111=GRPNOW THEN FOR Je¢ 00023250 ARCU9961

S STEP 1 NINTII 10 D0 TF ALTERSCI,J)=RESTCUMB(I) 00023260 ARCO9962
THEN 00023270 ARCO99¢€2
BEGIN 00023280 ARCO09962
RESETGRP 00023290 ARC09962

END ELSE IF ALTERS[I,J)=0 THEN 0v023300 ARC09963
BREGIN 00023310 ARCO9963
ALTERSII,JY€RCSTCOMBIID; NV023320 ARC09963
RESETGPP 00023330 ARC09963

ENDS 00023340 ARC09963
FORT NFFATURES DO TFEATIT)«FEATURF[I} 00023350 ARCUY964
ALTX«LASTALY; GRPNOW¢GRPNOW+13 GN TN L2} 00023360 ARCO9570
END 0v0233/70 ARCU9970
IF ALTERSIALTX»111#GRPNCW THEN 00023380 AC0O9980
BEGIN 00023390 ARCO9980U
ALTX&€ALTX=13 U TO N2 00023400 ARCO9980
END 00023410 AKCU9980
KCeALTERSIALTY»?Y; KA€ALTERSIALTX,413 00023420 ARCU9990
IF KC<KA THEN KCeKA; FLIPeFALSES Nu0Z3430 ARC09990
IF KC=5 THEN 00023440 ARC10000
BEGIN 00023450 ARC10000
ALTXeALTX=~13 60 T0O D2 00023460 ARC10000
END3J 00023470 ARC10000
IF KA<KC THEN KBeKA+1 FLSE 00023480 ARC10010
BEGIN 00023490 ARC10010
KB€Si FLIP«TRIUE 00023500 ARC10010
END 00023510 ARC10010
KECALTERSIALTXsKA2]S 00023520 ARC10020
KDeALTERSTALTX KR 00023530 ARC10020
1F KD=0 THEN 00023540 ARC10030
BEGIN 00023550 ARC10030
ALTERSLALTY,4Y¢KR} SELECTTDOMS 00023560 ARC10030
ALTERSTALTX»4Y¢KAS} 00023570 ARC10030

IF NOT FEAS THEN GU TOD DFEAS 00023500 ARC10040
END ELSE 0u0235%0 ARC10040
BEGIN 00023600 ARC10040
BREAKDMWNDRD (KD s KF s KF s KF» KG)3 00023610 AKC10050

IF CHEKBIT(DMVUTID(KGI,KF) THEN GO TO DFEAS 00C23620 ARC10050
END S 00023630 ARC10050
IF KE=0 THEN 00023640 ARC10060
BEGIN 00023650 ARC10060
FLAGeTRUE} GO TO D3 00023660 ARC10060
END S 00023670 ARC10060
IF Kb<®4 THEN 0uv023660 ARC10070
BEGIN NY023690 ARC10070
SELECTTDMS GO TN D33 00023700 ARC10070
ENDJ 00023710 ARC10070
ALTERSTALTX,4)¢KR} EVALUATF(KA»KB); 00023720 AKC10080
IF FLAG THEN 00023730 ARC10090
BEGIN 0u023740 AKC10090
TeTGILCVIAMDATALALTERSIALTX»201531,413 00023750 ARC10090
TFEATIO)«TFEAT(9)=T3 FLAG¢FALSE 00023760 ARC10100
END 00023770 ARC10100
MULTCWATE,TFEAT,»TV2,1,NFEATURES) 00023760 ARC10110
TVI«TFEATIA4YS TVUI€TFEAT(3]3 00023790 ARC10110




1
TF

HEURLSTICO

AMSWEK AND

TV3e0: TFEATIO]&TVZS

¢
WAS THEN

Nu023800
00023810
Nu0e23Ben

ARC
ARC

ARC

HEARIN
L3 V0023630 ARC

ANSINDEXCIIAALTERSI[»4] THEN GU 00023840 AR i
UMBeTRIIE ARC10150
ARC10160
ARC10170
ARC10180
AKC10190
ARC10190
ARC10200
ARC10200
ARC10700
ARC10210
ARC10210
ARC10220
ARC106220
AKC10230
ARC10240
ARC102%40
ARC1C250
ARC10260

Quw023850
END S Qulz3860
1F NOT HLJRIST N | N FNRYT NFEATUREFS DN FFEATIT )e 000¢38/70
TEFCATLT) y SWER OR LFARNING THEN PACLVAL tLSE 00023860
1F vi<Ttyd €K ELSE TF rV1<yl NR TV2+E=5<V2 THEN 000238Y%0

00023900

PACEVAL
TH ANSCOMB THEN 00023910

BEGIN
FORT NFEATURES DO LPFEATURELI)«PFFEATIID: 00023930
ANSCUMReF AL SE® 00023940
END 00023950
IF TV1i<vl THEN GN TO [4; 00023960
TF VI1<TVvl NR V2<TV2+8=5 THFEN GO TOD NS5} 00023970
IF Tv2<v? QR TV3eVv? THEN GO TO N4 ELSE GU 00023960
FURI NFEATURFS DN PFEATURE[I)ePFEATIT)S 00023990
VIieTV13 V2eTV?3 V3eTV3; V024000
FURI NFEATURES DN FFATURF[(IJ€TFEATLI; 00024010
FORI LASTALTY DO Ow024020
BEGIN 0024030 AnkC10260
KBe«ALTERSTI»41; 00024040 ARC10260
KAECBESTCOMBI TY«ALTERSI[2KB} 0V024050 ARC10270
BESTALTIT)¢IF KRLALTERSET»1) THEN KA ELSE O 00024060 ARC10280
END 00024070 ARC10280
IF OUT? THEN 000240060 ARC10290
BEGIN 0uD24090 ARC10290
WRITE(DATAQUT »<"HESTCNAMRB™»30(X1,A2)/"BESTALT"™,30¢( 0024100 ARC10300
X1pA2)/>,FORT LASTALT DO BESTCOMB([I1,FURI FUTALT=1 0v024110 ARC10310
DU RESTALTIIYY: 00026120 ARC1031C
WRITE(DATAOUT»<10 F10,4 />,FORT NFEATURES DO PFEAT(00024130 ARC10320
1233 00024140 ARC10320
ENDJ Cul24150 AKC10320
F LEARNING AND MEXTALTSFIMALT THEN LLOOKAHEADS 0ub24100 ARC10330
F FLIP THEN ALTY€ALTX=1 ELSE ALTYXe€LASTALT? DIVIVR- B ] ARC10340
00024140 ARC10340
000Z41Y0 ARC10350
0v024200 ARC10360
00024210 ARC10360
00024220 ARC10360
ARC10360
ARC10370
ARC10380
ARC10380
ARC10380
ARC103b0U
ARC10381
ARC 103872
ARC10363
AKC10384
ARC10385
ARC10390
ARC10390
ARC1040U
ARC10400
ARC10400
ARC10410
ARC10410

1
I
GU TU D23
KBelF KH<KC THEN KR+1 ELSE S7
IF KBE=KA THEN
BEGIN

ALTX«ALTX=~13 60 TO D23
END? Qu024230

DFEAS?

00024240
Nu0c4250
00024260
00024270
COMMENT AT THIS POINY THE ALLOGATIAN HAS BFEN SELECTEP, TF THIS IS NOT AOGCZ4260
TRAINING RUN THEN THE NEXT SECTION IS SKIPPED AND RESULTS SIMy= 0002429Y0

LATED OTHERWISE [F THE ALLNCATIUN AND KEY ALLDCATION DIFFER (1t 00024300
PFEATURE AND LPFEATURE GIVF DIFFERENT DECISION FUNCTION VALUES) 00024310

THE FEATURF WEIGHTS ARF ADJUSTEL ANU THE DECTSTON ROUTINE REPEATOUL024320

ED UNTIL THEY AGREE NR REPFAT=TREPFATS 00024330

TE ANSWAS ORCLEARNING ANND NFXTALTSFINALT) THEN 0u024340

BEGIN 00024350

IF HEURISTICO THEN LV1€LV3€O EILSF 0p024360

HEGIN 00024370

LLVI€.PFEATUREL 4]} NU0OZ4380

LV3€LPFFATURF[ 3735 00024390

ENDS Qulcu 0

IF KR=5 THEN FLIJPeTRUES GU TO D213
JF ANSWER AND NOY ANSWAS THEN WRITEC(NDATAOUT»<
WANSHER NOT FOUNP™S>);




MULT(NATE o | PFFATURE L Y2 [»NFEATURFS) S 00024410 ARC10410
LPFEATURFIO)el V25 REPFLAG¢FALSES Nu0cu420 ARC10420
IF Vv2<LV? THEM 00024430 ARC10430
HEGIN 00024440 ARC10430
NEAWATF ¢ TRIIE $ 0v024450 ARC10440
FURIY NFFATURES DO 00024460 ARC10440
HEGIN 0v0z2anro AKC10440
TAPFEATUREIT ]S TQeLPFEATURFIT)S 00024480 ARC10450
XWATET 1 YeWATELTIX(IF ARS(TA)Y<®=5 THEN IF ABS(000<4490 ARC10450
TRY<A=5 THEN { FLSr IF TB<O THEN 2?2 ELSE .5 00024500 ARC10460
ELSF TF ARS(TR)<@=5 THEN IF TA<0O THEN ,5 00024510 ARC10470
ELSF 2 FLSE IF TA<O THEN TF TR<O THEN TB/TA 00024520 ARC10470
ELSF TRZ(THB=TA) EI.SE IF TR<n THEN (TA=TB)/ThA 00024530 ARC10480
ELSF TA/TR) 00024540 ARC10480
END 00024550 ARC10480
FUORIY NFEATURES DO 00024560 ARC10490
BEGIN 0u024570 ARC10490
TReXWATE(T)5 TAeWATE[L)S 00024580 ARC10490
KA€REPWATECLT ]} 00024590 AKCIV490

IF TA=TR THEN KREPWATE(I)e¢KA+1 ELSF 00024600 ARC10500
BREGIN 00024610 ARC10500

IF KA>10 THEN KA€10; Te1/KA; 00024620 ARC10560
TCe(LV?2=V2)/V2; 0u024630 ARC1US10

IF T€<T THEN 1e€TC} 00024640 ARC10510

IF T<.05 THEN T¢,05; 00024650 ARC10510
YWATELT)eTxTR4(1=TIXTAS 00024660 ARC10520
KA€(KA DIV 2)+13 00024670 ARC10520
REPWATE(LI)eKA 00028680 ARC10520

ENDS 0u0cU6Y0 ARC10GS520

END FNRI; 00024700 ARC 1 30
00024710 ARC10531

COMMENT AT THIS POINT INITIAL ADJUSTMENTS HAVE BHEEN MADE. NOUW CUNSISTENCO0024720 ARC10531
Y 1S CHECKED AND FrINA| ADJIISTMENTS MADE; 00024730 ARC10532
TACXWATET1%; TBeXWATE(?)) 00024740 ARC10540
TCeXWATET3Y, TDexwATE[4)} 00024750 ARC10540
IF TC<TA THEN TAeTCe(TA+T()/2} 00024760 ARC10550
TF TR<TA THEN TAeTRe(TA+THI/23 00024770 AKC10550
IF TD<TC THEN TDeTC? 000247080 ARC10560
TF TD<TB THEN TD«TB} XWATE[1)«TAS nu0o24790 AKC10570
XWATET?1¢TR; XWATET31eTCs 0uC24800 ARC10570
XWATE[4)eTD; TAexwaTFI[5]) 0u024810 ARC10580
TBeXWATEr6Y; TCeXwATECT)S 00024820 ARC10580
TOEXWATETBRY S 00024830 ARC10G580
IF TA<TC THEN TA«1C«(TA+TC)/2} 00024840 AKC10590
IF TR<TA THEN TA¢TRe(TA+TR)/2} 00024850 ARC10590
IF TD<TC THEN TCeTNe(TC+TDI/23 0u0Zu860 AKC10600
XWATE[S)«TA; XWATET61¢TB}S NuLeunlo ARC10610
XWATFE[71eT€3 XWATEr81«TD; 0004850 AKC10610
TACXWATETO9Y: TBeXWATET101; Qulz48Y0 ARC10620
TCEXWATEINTY )} 0u024900 ARC10620
IF TA<TR THEN IF TR<TC THEN TA«TBeTCe(TB4TC)/2 00024910 ARC10630
ELSE TA«TRe«(TA+1B) /23 00024920 ARC10630
IF TR<TC THEN 00024930 AKC10640
BEGIN - 0u024940 ARC10640
TReTCe(TB+T1C)/2; 00024950 ARC10640

1F TA<TR THEN TA€TR} 00024900 ARCL0640
END} 00024970 ARC10640
XWATE[9T«TA; XWATET101¢TBj 00024980 ARC10650
XWATE[11)eTC: TAeXWATEL12]3 00024990 ARC1066U
TReXWATEL1X]S 0po025000 ARC10660
IF TB<TA THEN TAeTRe(TA+TRB) /71 00025010 ARC10660




XWATE(121¢TA; XhA
TCEXWATEI14)) TBe
TACXWATETTA]} TDe
1F TA<TH THEN TF
FLSE TReTAe(TH+1A
1F TB<TC THEN
HEGINM
TReTCe(TR+TC)/
1F TA<TR THEN
END?
1F TD<TA THEN TDe
YWATET15)¢THB? XWA
XWATE(17)€eTD3 TAe
THeXWATEr1Q]}
1F TB<TA THEN XWA
FORT NFFATURFS DO
WRITE(PACDTAF(13)
WRITECPACDTAFL14]
COMBOUTC(LRFSTCOMB
WRITE(NDATANUT,<10
LPFEATURELT )Y} CO
WRITE(DATADUT ,<
PFEATURELIY)S WRI
WRITE(NDATADOUT»<"N
5/>,FORI1 NFEATUR
1F REPEAT>TREPEAT
BEGIN
TREPEAT«TREPLA
TF vi=LV1 THEN
END
END ELSFE
BEGIN
FORI1 NFEATURES D
WRITE(PACDTAF(13)
END 1F V23
END IF ANSWER OR LEARN
END DECISIUN RODUTINE?

COMMENT DECISION ROUTINE COMPLETE, WRITE

"UND

EVALCNT¢#EVALCNT+SUBFVALCNT
IF DUT7 THEN
REGIN
1F LEARNING OR ANSWER T
CUMBOUT(BESTCOMRs?)
ENDS
WRITE(DATAUUT» <"NUMRER OF
" TOTAL EVALUATIONS TO ™
SUREVALCNT»LVALCNTY) SUBREV
WRITE(DATAUUT, </"FEATURE
CTUNDA TLUND  TLIINDA TLONE TLO
NDMMOB1  DMMOB2"/X16,93 FB
" DBALQ NRALH DRALT
13 F8.2>»F0RI1 NFEATURES D
WRITEC(DATAQUT» </"V1a",T4s"
V3)i
IF ANSWER THEN FORI FUTALT
I1<ALTERSCI»1] THEN LBESTC
GO TO SIMRESULTS

SIMRESULTS COMMENT SIMULATE THE RESULT OF

LABelL

REGIN
L1sL2sL3»L4s1.5eLAS

TFI13)eTRBS

XWATEL15))

XWATEL1T )

TR<TC THEN TA«TReTCe(TB+TC)H/2
/23

Z3
TA€TH

TAS XWATE[141€TC3
TEL161«TAS
YUATE[18]}

TFLYR)EXHATET19)e(TA+TB) /23
WATECT)eXWATELTS
sNFEATURES+1,REPWATEC*])
JNFEATURES+1,WATEC*1)}

21)3

F10.4>sFORI NFEATURES DO
MROUT(BESTCOMR,2) )

0 F10.4>,FORT NFFATURES DO
TECDATAQUTIDRL)?

Ew WEIGHTS™,XB,8 F10.5/11 F10.
ES DD WATETTL1)}

THEN

T+13 REPFLAG&TRUEJ
G0 TO Dt

0 REPWATELI)¢REPWATELL]+ 1}
sNFEATURES+1,REPWATE(*])}

ING}

ALLNCATION AND FEATURE VALUES?
}

HEN COMBONT(LBESTCOMB»1)32

EVALUATIONS wAS",I110s
"THIS POINT IS"»110%»
ALCNT€0}
VALUFS3 CUND CUNDA (o
NEA AMZERD AMONE AMTWQ
23/ X165

DRALA SOLEDM SULDMA™ /,X16
0 PFEATURELTIS

V=", FB8,.3," V3=",I4>9V1,V2s

=1 DO BESTALT{I)«CIF ANSINDEXC
OMBrT]) ELSE 0)3

CURRENT PERIAD DM SELECTION}

»
»

»

00045020
0V025030
09025040
00025050
000250060
00025070
00025080
000250%0
00045100
00025110
00025120
00025130
00025140
00025150
00025160
0u025170
00025180
00025190
Np025200
np0es210
00025220
00025230
00025240
00025250
00025260
00025270
0p025280
0005290
0005300
00025310
00025320
00025330
00025340
00025350
00025360
00025370
Dk

33823328
00025400
0002541«

00025420
00025430
00025440
00025450
00025460
0u0Z5470
00025480
00025490
00025500
00025510
00025520
00025530
00025540
00025550
00025500
00025570
00025580
00025590
00025600
00025610
00025620

ARC10670
ARC10680
ARC10680
ARC 10690
ARC10690
ARC10700
ARC10TO0Q
ARC10700
ARC1070C0
ARC10700
ARC10720
ARC10720
ARC107 30
ARC10730
ARC10730
AKC
ARC10756
ARC10760
ARC 107

1

ARC10650
ARC10850

C10900
0910
10910
10910
10920
C10920
10930
510940
10940
C10960
10960
ARC10960
ARC10990
AKC10990
AKC 11000
ARC11000
ARC11020
ARC11030
ARC11040
ARC11060
ARC11060
ARC11070




FOR1 FUTALT=1 DO
BEGIN
KFeBESTALTIT)Y TF KF=0 THEN GN TO L2
CNDE«™ DM"; KA€ALTERSrI,01;}
KREAMDATATKA, 1]}
1F KF<34 THEN
HEGIN
CODE€™TDOM™ ) DLISTIKF)I«DLISTIKFI=1}
1F HEURISTTIC4 DR RANDOMSTDMPRNR THEN
BEGIN
KGeKF $
GO TO LS
END ELSE WRITE(DATAQUT,</"TDM", 14,
" FIRED UNSUFCESSFULLY AT AM",T4>,KF,KB)}
END ELSE
BEGIN
BREAKDMWORD(KF s KG»KG,KG,KD) 3
KeSDLOCO[2XKG+KkD ) «SDLOCO[KGX2+KD =174
IF K=0 THEN SETBIT( SDMVIKDI,KG)}
IF HEURISTYC4 OK RANDOMSOMSPECT2xKD+11 THEN GO
TU LS FILSE WRITE(DATACUT»</"DOM", 14513,
" FIREN UNSUCCESSFHLLY AT AM",14>,KGsKD »KB)
END3
GO Tu L?3
WRITECDATAOUT oKILLAM,KB,PERION,CONE,KG)?
AMDATACKA, 06N KACAMNDATACKALT];
IF KA20 THEN 60 TO L1;
END FORI LONP}
WRITECDATANUTIDBLI) S
FURI1 MAXAMDT DO TF AMDATACI»0)>0 THEN
BEGIN
KA«T}
IF AMDATAr1,2%=PERIUD THEN
BEGIN
KHe€AMDATAIY» 1]} Kel)
AMUATATK»01¢03 KeAMDATA(K,71}
TF K#0 THEM GO 10 L33
KGEABS(AMDATACT»4])) Ke¢AMBATA([T,2])
TeTGTLCVIKa81eTGTLCVIK» 4IXx(1=NESTPROR)}
WRITEC(DATADUT»DESTTGT,»KGs PERIDNDSKB2T Y}
END}
END FORI LOOP;
IF KAKMAXAMDT THFN MAXAMDTeKA;
FOR J¢MINATT STEP { UNTIL MAM DO IF ATTACKIJ»T71=0
THEN MINATT«J+1 FLSE JeNAM}
FND SIMRESULT PROCESS OVERS

CUMMENT THIS COMPLETES ONE PERIOD: RETURN TS MADE TD NEXTPERIOD UNTIL
ATTACK IS CUMPLETE THEN JUMP IS MADE TO FINISH WHFRE ALL TABLES

00025630
00025640
00025650
00025660
00025670
00025680
00025690
00025700
00025710
00025720
00025730
00025740
00025750
00025760
00025770
00025780
00025790
00025800
00025810
00025820
00025830
0u025840
0u025650
000258060
0pu25870
00025880
00025890
00025900
00025910
00025920
00025930
00025940
00025950
00025960
00025970
00025980
00025990
00026000
00026010
00026020
00026030
00026040
00026050
00026060
00026070
00026080
00026090
00026100
00026110

ARt RESET TO THEIK PREATTAEK VALUES AND FINAL RESULTS ARE OuTPUT00026120

IF ATTACK IS TO Bt REPFATEND OR A NFW ATTACK ENTERED UNDER THE
LEARNING PROCESS»THIS 1S DANF AND RETYURN IS MADE TO NEXTPERIOD
OR STARTNEWPROBLEM IF A NEW PROBLEM 'S TQ BE FNTERED?
GO TO NEXTPERIOD;
FuLL? WRITE(DATAOUT ,<"AMDATA FULL ON AM",I14>,ATTACKLI»01)}
FINISH?® FINVALUE €0}
FORI NTGT DU FINVALUE¢FINVALUE+TGTLCVII,413
WRITEC(DATAOUT, <" "/"FTNAL TARGET VALUE IS",F12.5//
"FINAL FEATURE WEIGHTS",8 F10,5/11 F10.5//
"FINAL WEIGHT REPEATS ",8 110711 110//>sFINVALUE,

00026130
00026140
00026150
00026160
00026170
00026180
00026190
00026200
00026210
00026220

FORI1 NFEATURFES DO WATE[fIl,FORII NFEATURES DO REPWATE[I))00026230

ARC11080
ARC11080
ARC11080
ARC11090
ARC11090
ARC11090
ARC11090
AkC11100
ARC1111C
ARC11110
ARC11110
ARC11110
ARC11120
ARC11120
ARC11140
ARC11140
ARC11140
AKC11150
ARC11160
ARC11170
ARC11180
ARC111%0
ARC11190
ARC11200
ARC11210
ARC11220
ARC11220
AKC11230
ARC11240
ARC11250
ARC11250
ARC11250
ARC11260
ARC11260
ARC11260
ARC11270
ARC11270
ARC11280
ARC11290
ARC11300
ARC11300
ARC11320
ARC11320
ARC11330
ARC11340
ARC11350
ARC11351
ARC11351
ARC11352
ARC11353
ARC11354
ARC11355
ARC11356
ARC11360
ARC11370
ARC11390
ARC11390
ARC11400
ARC11410
ARC11410
ARC11420




3 FDRIL NTGT DO TGTLCVII»41«SAVEINFLTYS
KeNTGT S JENDMENDM 15

FORI1 J DO SDLOCHTIY6SAVEINF[KeX+1)7 KeNTGT+J?
FORT1 NTDLIST DO DLISTIIJeSAVEINFIKeK+1;
EVALCNT®03 SPDMYTr11e¢SDMV{01en; AMFLAGeTRIES
AMIND €03 CURATT«1; AMNOWeAMDETeMAXAMDT NS

FAR 12 STEP 2 INTIL J DU FNR K «l,]41 N0 IF SOLOCOCKI=0O

THEN SETRITC SDMVIK=T1,1 DIv 2)i PERIOD«O}
IF CUMPARIIN THEN
REGIN
READCDATAININGY A, CODEYCFNPOFRUNTS
IF CODE="WAT™ THFN
HEGIN
READCOATATNS /o 15FORTY NFEATURES DD WATECTD)S
WRITLCDATANUTIPAGE )Y
WRITL(DATAQOUTIDRL),»<"REPEAT OF "»5 A6»" USING "
POIFFERENT WETGHTS">,FURY 4 DO RUNIDCT) )

WRITLC(DATANUTIDRLY»< "FEATURE WEIGHTS "»8 F10.5/11

F10.5>,F0ORIY NFEATURES DO WATELTI1):
GO TO NEXTPERYOUD
LND
END IF COMPARUNS

IF CYCLE>1 THEN TF (NEWWATE AND LSAVE) OR NOT LSAVE THEN

REGIN
RECYCLE THE CURRENT ATYACK}

NEWWATE«FALSFS WRITE(DATAUUTIPAGE])S
WRTITE(DATAQUT»<"REGINNING CYCLE"»13»" OF "»5 A6//>»
SAVECYCLE= CYCLE+?2,FORI 4 DN RUNID[TIV)}
CYCLE«CYCLE=%3 BNOK2¢BDOK1}
GO TO NLXTPERIOD!S

END CYCLE bACK;

IF RONDK1 THEN

REGIN

COMMENT CHECK FOR MOKE RNUK GAMES}:

L1,L2;
Hhﬂk?vF|AU;FA[SF! WRITE(DATANUTCIPAGE])
READCDATAININO],A,CUDE)CL2)}
IF CNDE="LASY THFN GO TO L23
I'fF CODE="RUN" THEN
BEGIN
READCDATAIN»,<¥725 A6>,FNRI 4 DO RUNIDLII)J
WRITECOATAOUT.<S A6//5,F0ORT 4 DO RUNIDLTI)}
60 TO L1
END}
IF CODE="AM "™ THFN
BEGIN
FLAG¢TRUES GENEWATT; GO TO L12
ENDJ
IF CODE="TRA"™ THEN
BEGIN
READCDATATIN»/» 19 15CYCLE, I»REREAT )}
SAVECYCLE«CYCLE? GO 10 L1
ENDJ
1F CODE="END"™ THEN
BEGIN
READCDATAIN) S
IF FLAG THEN 60 TOD LZ? ELLSE GO TO L1
END?
READCDATAIN)
IF FLAG THEN
BEGIN

3 GO TO LIS

00026240
00026250
0v026260
00026270
00026280
0026290
00026300
00026310
00026320
0p0z6330
0u026340
00026350
00026360
00026370
00026380
00026390
00026400
V026410
09026420
00026430
00026440
00026450
00264060
00026470
00026480
0ule264y0
00026500
00046510
00026520
00026530
0u026540
00026550
00026%60
00026570
0v026560
0p026590
00026600
00026610
npnee62n
0uL?6630
00026640
00026650
00026660
00026670
00026680
00026690
00026700
00026710
00026720
0u026730
00026740
00026750
000267060
00026770
000267860
00026790
00026800
00026810
000266820
00026830
00026840

ARC11430
ARC11430
ARC11440
ARC11450
ARC11460
ARC11460
ARC11470
ARCL1UB
ARC1146b
ARC1148
ARC1148
ARC1
ARC1!
ARC1
ARC1
ARC1
ARC1
ARC1
ARG &

ARC

ARC1

ARC i
ARCL
ARCI

ARC

ARC1
ARC1

ARC

AKRC

ARC 1

Ak

ARC1

ARC
ARC11570
ARC11580
ARC11580
ARC 590
ARC11600
ARC11600
AKC11600
AKC11610
ARCL11610
ARC11610
ARC11620
ARC11620
ARC11620
ARC11620
ARC11630
ARC11630
ARC11630
ARC11640
ARC11640
ARC11650
ARC11650C
ARC11650
ARC11660
ARC11660
ARC11670
AkC11680
ARC11680




>

FOR] NTYPF=1 N0 PICKCHARS(SDOMVITII,DMVOINII)»1s1,8);500026850

FURY NTDLTST DO TOLISTLI)eDLISTITY} Xeis 0p026860

FUR!Y NDPM PO FOR J&Y STFP 1 UNTIL NTYPE4+2 DO 00026870

DMLUOCUL T, J1&SOLNCOIVex+1Y; SETATTACKS Mp026b80

GO TO NEXTPRERYON 00026890

END 3 006025900

FND IFBOOXY; 00026910

WRITE(DATAQUT, <™FND NF RUN ",45 AG/>FNRT 4 i 00026920

WRTITEC(DATANUT»<"FINAL RANDOM NUMBER SEFN > A DLOZ6Y 30

RSFED)) 00026940

WRITE(PUNCHF »<"WATF ", 6(F10,5,™»")>,F0RTY 6 DN WATE[LI))S 00026950

WRITE(PUNCHF ,<7(F10,.5,",")>,FNR 1¢7 STFP 1 UNTIL 0y026960

NFEFATHYRES LU WATF T1): 00026970

WRITECPUNCHE »<™CORMY™» 1 9(1345"s73)>,FORTIY NFEATURES DO 00026960

REPWATECTL ] 000269%0

WRITE(PUNCHE p<cld J12>sFORI 39 DN 1) 00027000

READCNATATINS As CNDE NODOFRUNMT S Dp027010

18 CODE#ETLAST THEN TN ENDOFrRUNZ 00027020
READI(DATAINCHN sCNDEDTENDONFRUND S

GN TO START ( e nNyu27T0

> ¥ >
DXL

o

>
Pl
O OO0 0O 00

. T
o o

>
X

127030

END MAIN BODY OF RRC; f;Gc/QJ“

ENDOFRUN S WRITELDATAGUTIPAGE 1Y 02027000
WRITECDATAUUT,<"END OF THIS PROBLEM">)3 00027070

END. 00027080 ARC11770




APPENDIX B

Table Descriptions and Input Formats

for Principle Tables used by ACTS.

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 B5500 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.

DMSPEC. The range and effectiveness (probability of destroying an AM)
stored in DMSPEC for each type of area defense missile.
Table Size O: NDMSPEC
Table Utilization 0: 2 x NTYPE - 1
Indexing I « 2 x (ID number of desired type)

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 DM
Type Array REAL
Input Format FREE

ordered as:




ID number of type
Range

Effectiveness

TDLIST. Terminal Defense Site Missile Status
Table Size O0: NTDLIST

Table Utilization O: 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 O: MTGT , O:k
Table Utilization 1: NTGT , O:4
Indexing Standard
Table Format
One row per target sorted on descending word O
each row:

Word O: minimum X coordinate

132




minimum Y coordinate
maximum X "

" Y
value at the target

Type Array REAL

Input Format (included with TGTTAD input)

TGTTAD. Target type, identification and terminal defense sites.

Table Size O: MIGT , 0:5
Table Utilization l: NTGT , 0:5
Indexing Standard
Table Format

One row per target sorted as TGTLCV

For each row:

Word O: Target Identifier

Target Type

Terminal defense site covering the target

Type Array
Input Format
Column
1 il
Target Identification

Target Type
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Terminal Defense Site (right justified)

"

Terminal Defense Site (right justified)
Minimum X coordinate (right justified
dec. pointed)
Minimum Y coordinate (right justified
dec. pointed)
Maximum X coordinate (right justified
dec. pointed)
Maximum X coordinage (right justified
dec. pointed)

Target value

DMLOCO. DM Site Location and Missile Status
Table Size 0O: MDMLOCO , O: NTYPE + 3
Table Utilization 1l: NDM , O: NTYPE + 2
Indexing DM Site Identification Number
Table Format
One row per DM site
For each row:
Word O0: X coordinate
l: Y coordinate
Total missiles initially
Number of type O missiles

Number of type 1 missiles
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Type Array
Input Format
Ordered as
DM
Site Identification Number
X coordima te

Y coordinate

number of type O missiles

number of type 1 missiles

DM Sites Effecting Each Integer Grid Square
Table Size O: NSQRDTA , O: MSQRDTA
Table Utilization O: NSQR , O: NSQRDTA
Indexing ¢ Truncated X coordinate
(see format)

Table Format

One row per integer X coordinate

For each row:

Word O: Index to DM sites effecting

Last row entry + 1

¥

=0

Y =

square

DM sites effecting ( O indicates none)

(entries are indexed in O

Type Array Integer

135

to

N

\
above)




Input Format (table is internally generated)

ATTACK. AM Data for an Attack
Table Size O: MATTACK , O: NATTACK
Table Utilization @ NAM, 0:6
Indexing Standard
Table Format
One row per AM
For each row:

Word O: AM Identifier

Time of pick up
X coordinate at pickup
Y coordinate at pickup
X coordinate of ground zero
Y coordinate of ground zero
Speed
Type Array REAL
Input Format FREE
Ordered as:
AM
Identifier
Time of Pick-up
X coordinate at Pick-up
Y coordinate at Pick-up
X coordinate of G. Z.
Y coordinate of G. Z.

Speed
136




AMDATA. Data Pertaining to Attacking Missile

Table Size O: MAMDATA , O: NAMDATA

Table Utilization : variable , O: NAMDATA

Indexing Standard with overflow rows

Table Format
One or more rows for each AM
For each row contain -(index of previous row)
Word O: O not busy, +1 busy begin, <O busy overflow

AM identification
Time period of ground zero
Index to target in TGTLCV + TGTTAD
Target ID/Local Defense (negative if not
defended)
Index to entry for current time group
Last time period in row
Index to overflow row
Index of last entry in row
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 42-47)]
Type Array Integer

Input Format (generated from AM reports)




PACDTA. Plausible Attack Corridor Data
Table Size 0O: MPACDTA, 0:63
Table Utilization Row 1 U4:63 , other rows 0163
Indexing Standard (see format)
Table Format
Word [3] is set to 1 thereafter groupings of &
contiguous words for each attack
Word [1]: Bits 0-11 X coord of initial square
Bits 12-2% Y coord of initial square
Bits 24-35 X cord of GZ square
Bits 36-48 Y coord of GZ square
Word [2]: Type targets under attack--up to 8, one
stored in each six bit character.
Word [3]: Type targets under attack not covered

locally up to 8--one per character.

Word [4]: TLast index in PACOMS for this PAC

Type Array INTEGER

Input Format FREE
Ordered as
PAC
X coord of attack square
Y coord of attack square
X coord of GZ square

coord of GZ square




PACDMS. DM Words Associated with the Plausible Attack Corridors
Table Size Q255
Table Utilization LEash
Indexing Word [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 1is set to
if DM site I 1s void of other DM type.

Type Array INTEGER

Input Format Generated internally

Alternate DMs covering AMs
Table Size O:MAMDATA , O:11
Table Utilization (same)

Indexing standard

Word O: Index to row in AMDATA
Index in ALTERS of last word pertaining to
current period
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GROUPS .

Tndex in ALTERS of last word in row (applying
heuristics).
Index in ALTERS of last word in row
Index in ALTERS for current alternative being
considered.
bits 12-19 # periods beyond first period DM
effective
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 H6.
Table Size 0 :MDMLOCO
Table Utilization 1 :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)




Identifier

APPENDIX C

Description of Principal Global Variables

Used in ACTS

Description

NAMDATA
MAMDATA
MSQR

NSQR

MSQRDTA
NSQRDTA
MATTACK

NATTACK

NDMSPEC

MDMLOCO
MPACDTA

NPACDMS

NTYPT

AMDET

Number of columns in AMDATA

Number of rows in AMDATA

Largest ordinate in grid system
gest abscissa in grid system

Number of rows in SQRDTA

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

1ho




Identifier Description

AMNOW Number of AM currently in the system

ESTOTAM Number of AM estimated in possession of the enemy
TYPATK Logical word-estimate of type of attack

PERIOD Current time period

TWOCOR Logical - Bit N set if DM site N is included in DMMOBL
THREECOR Logical Bit N set if DM site N is included in DMMOB2
HEURISTIC Boolean true if heuristic H1 is active

HEURISTIC Boolean true if heuristic H2 is active

HEURISTIC Boolean true if heuristic H3 is active

HEURISTIC Boolean true if heuristic is active

HEURISTIC Boolean true if heuristic is active

HEURISTIC Boolean true if heuristic is active

HEURISTIC Boolean true if heuristic H7 is active

HEURISTIC Boolean true if heuristic HB8 is active

HEURISTIC 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

BOOK1 Boolean true if key allocation specified this attack

ANSWER Boolean true if key allocatlon 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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Identifier Description

NEWATE Boolean true if weights are adjusted
NODEFENSE Boolean - true if there is no defense against an AM in
the system
NOTGT Boolean true if an AM will not strike a target
TOOLATE Boolean true if AM detection is too late to provide a
defense
NFEATURES 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
Number of periods during which a type target is not
attack before being considered inactive

NUMGRPS Number of planning groups in the current period







APPENDIX D

Summary of Attacks

The training and comparison attacks referenced in Chapters V and VI
are listed below. Following the attacking missile number is the location
and time of detection and the identification and location of the target.
Beneath each listing the area (DM) and local (TDM) missile sites relevant
to the attack are identified with the number of missiles assigned for the

attack.




TRAINING ATTACK TAtl

>
=

s e a
W= COT~NOITVN SWN = 0O

DM SITE
NUMB DM

TOM SITE

NUMB TDM

DETECTION
Y

9,00
9,00
9,50
9,00
9.50
9,00
9,50
9,00
9.50
9,00
94,50
9,00
9,50
9,00

MUBILITY AND RALANCE

TIME

1,00
1,00
2,00
2,00
3,00
3.00
4,00
4,00
5400
5,00
6,00
6,00
7.00
7,00

IRENT

D2
D?
Pa
D?
Pa
D?
P4
D?
P4
D?
P4
D2
P4
D2

TABLE D1

TARGFT
X

11,80
11,80
8,60
11,80
8,60
11,80
8,60
11,80
8.60
11,80
8.60
11,80
8,60
11,80




TRAINING AT

>
=

X

19,00
19,00
17 400
19,00
19,00
17.00
19,00
19.00
17,00
19,00
19,00
17:00
19.00
19,00
1/,00
19,00

N O CON O s Wi —

DM SITE
NUMB DM

TOM SITE
NUMB TDM

TACK TA?

DETECTION
Y

9.00
10,00
13,00

9.00
10,00
13.00

9.00
10,00
13,00

9.00
10,00
13,00

9,00
10,00
13,00

9,00

PAC CUVERAGE

TIME

1,00
1,00
2,00
2,00
3,00
3400
4,00
4,00
5.00
5,00
6,00
6,00
7.00
7,00
8,00
8,00

INENT

D?
Pa
pPuU
D7
P4
P4
D?
P4
P4
D2
P4
DY
n?
oY
P4
D2

TABLE D2

TARGET
X

11,890
8,60
8,60

11,80
6,60
8,60

1.4 . 60
8,60
8,60

11,80
8,60
8,60

11,80
8,60
8,60

11,80




TRAINING ATTACK TA3 EXPECTED (0SS TRADEOFF

DETECTION TARGFT
Y TIME IMENT X

9,00 1,00 D2 11,80
10,00 1,00 P4 8,60
7,00 1,00 P12 11,45
13,00 2,00 P4 8,60
9,00 2,00 D2 11,80
7,00 2,00 PU 8,60
10,00 3,00 P4 8,60
13,00 3,00 P4 8,60
7.00 3.00 P12 11,45
9,00 4,00 D2 11,80
10,00 4,00 Py 8,60
7.00 4,00 Py 8,60
13,00 5.00 PY 8,60
9,00 5,00 0?2 11,80
7.00 5,00 P12 11,45
10,00 6,00 PY 8,60
13,00 6,00 P4 8,60
7.00 6,00 PU 8,60
9,00 7.00 D2 11,80
10,00 7.00 P4 8,60
7,00 7.00 P12 11,45
13,00 Ba.00 Py 8,60
9,00 8,00 D? 11,80

DM SITE
NUMB DM

TOM SITE
NUMB TDM

TABLE D3




TRAINING ATTACK TA4

DM SITE
NUMB DM

TOM SITE
NUMB TDM

DETECTION
Y

10,00
10,00
3,00
4,00
7,00
14,00
13,00
13,00
6,00
13,00
5,00
11,00
1,00
2,00
8,00
8,00
9,00
13,00
13,00
7.00
8,00 ,

TERMINAL ATTArK VIA PAC

TIME

1.00
1,00
1,00
2,00
2.00
2,00
2400
3,00
3,00
3.00
4,00
4,00
5,00
5,00
5,00
5 ¢ 00
6,00
6,00
6,00
7,00
7.00

IMENT

S
02
S7
S4
S4
D3
S1
D1
D3

S2
Pr

S1
ST

P4
02
D2
D1
S1
P12
D1
02

TABLE D4

TARGET
X

8,80
11,80
6,35
4,40
4,40
6,75
8,80
11,65
6,75
5,20
2,20
8,80
6.35
8,60
11,80
11,80
11,65
8,80
11,45
11,65
11,80




TRAINING ATTACK TAS5 TERMINAL ATTAfK NOT VTA PAC

DETECTION TARGFT
X Y TIME IMENT X

19,00 3,00 1.00 S7 6,35
19,00 4,00 1,00 S1 8,80
19,00 3,00 2,00 510 5,89
1900 100 2,00 51 8.80
19,00 1.00 2,00 S4 4,40
19.00 9,00 2.00 Sék 3,80
19,00 7,00 3,00 Py 8,60
19,00 8,00 3,00 PT1 11,40
19,00 10,00 3,00 D1 11,62
19,00 11,00 4,00 D1 11,65
19,00 12,00 4,00 D2 11,80
19,00 14,00 5,00 S1 8,80
18,00 14,00 5,00 D2 11,80
14,00 14,00 5,00 S? 5,20
18,00 12.30 5.00 D3 6. TD
19,00 7,00 6,00 P1 11 .65
19,00 10.00 6.00 P11 12,30
19.00 11,00 6,00 P4 8,60
19.00 1.00 7.00 D2 11,80
19,00 10,00 7,00 S5 4,20

DM ST
NUMB

E
UM M

T
D

TOM SITE
NUMB TDM

TABLE D5




TRAINING ATTACK TA6 INTERMEDIATE ATTACK

DETECTION TARGET
Y TIME INENT X

14,00 1.00 54 5§.80
14,00 1.00 87 6,32
12,00 2,00 N1 11465
9,00 2,00 n? 1,80
12 .00 2,00 D3 6,72
7,00 3.()(.) Qﬂl “j.ﬂo
9,00 3,00 S9 6,30
14.00 3.00 D? 1,80
7.00 4,00 §7 6,39
4 o 00 4,00 11,05
1,00 5,00

4,00 5.00

4« 00 5,00

13,00 6,00

5.00 6.00

9,00 7,00

10.00 7,00

7,00 7.00

9.00 8,00

10,00 8« 0l

11,00 9.00
13,00 10,00

8,00 10.00
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OM SITE
NUMB DM

TDOM SITE
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TABLE D6




COMPARISON RUN 1

>
=

TN U B WN

-
= S G

X

14,00
13,00
19,00
19,00
19,00
19,00
13450
19,00
19,00
19,00
19.00
1%+ 00
13450
19.00
19.00
19.00
19.00
19.00
14.00
13,00
19,00
19.00
19,00
19,00
13,50
19,00
19,00
19,00
19,00
19,00
1.3 ¢20
19.00
19,00
19,00
19,00
19,00
14,00
1.3« 00
1¥.00

DETECTION
Y

15,00
13.00
9,00
8,00
6,00
4,00
13.00
11,00
10,00
7,00
5.00
4,00
1300
10,00
8.00
7,00
4,00
3400
5+00
3400

9,00 .

8,00
6,00
4400
13,00
11.00
10,00
7.00
5,00
4,00
13,00
10.00
8,00
7,00
4,00
3,00
15,00
13,00
9.00

TIME

1,00
1.00
1.00
1.00
1,00
1.00
2,00
2 .00
2.00
2.00
2.00
2.00
3.00
3,00
3.00
3.00
3.00
3.00
4,00
4,00
4,00
4,00
4,00

IMENT

P12
P&
P12
P8
P4
M1
S1
P1
P4
$2
P6
S1

TABLE D7 (a)

PLAUSIBLE CORRIDNR ATTACK

TARGFET
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CUMPARTSUN KUN 1 PLAUSIBLE CNRRIDAR
CUNTINULED

DETECTION
Y TIME

19,00 8,00 7,00
194,00 6,00 3 o' 00
19400 4,00 8,00
18430 13,00 8,00
19 400 11.00 o OV
19,00 10,00 5.00
19« 010 7.00 A
19,00 5,00 WU
19Y.,00 4400 9.00
13.50 13,00 ', 00U
19.00 10,00 000
19400 6,00 10,00
19400 74100 10+00
19,00 4,00 10,00
19,00 3,00 10,00
14,00 15,00 10,00
19,00 5,00 10,00

DM SITE
NUMB DM

TbM SITL
NUMB TDM

TABLE D7 (b)




COMPARISUN KRUN 2 S»D»M TYFE TARGET ATTACK
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2,80
8,70
13,10
2,80
8,60
13479
20,00
19,00
13,50
]9050
19,00
194,00
20,00
19450
19.00
19.00
20,00
19.30
19,00
19,00
19.00
16,00
20 , 00
19.00
19,00
19.00
19,00
13400
9,00
174,00
9,00
13.50
8,50
20,00
19,00
19,00
19.50
18,00
20,00

DETECiIUN

12,00
15400
15,00
12,00
15,00
15.00
7,00
5+ 00
15 .50
6,00
2.00
4,50
10.00
2¢50
3'00
2,450
6,00
11.00
4,80
4,00
3,00
550
10,00
3,00
4,00
5,00
12,00
15,00
15,00
13,50
15,00
15,50
15 .00
6,00
4,80
4,00
8450
550
10,00

TARGFT
.

TABLE D8 (a)
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COMPARISON RUN 2 S»D»M TYPE TARGET ATTACK
CONTINUED

DETECTION TARGFT
X Y TIME IRENT X

19,00 2,50 5,50 S9 6,30
8450 15,00 5.5 10 05 11,30
19,00 5,00 5,70 S10 5,89
19.00 12,00 6,00 S11 8,10
19,70 2,60 6,00 D3 6,75
13,10 14,00 6,50 D3 6,75
20,00 8,00 6,50 Ns2 11,40
19,50 11,50 6.50 D1 11,65
9,00 15,20 6,60 D? 11,80
19,00 11,50 6,90 ST 6,35
1700 14,80 7.00 D5 11,30
8,30 15,00 7,40 D6 7.95
19,50 11,50 7,40 06 7.99
20,00 9,00 7.40 D6 7,95
12,00 14,50 dy NONE 0,00
18,00 11,50 7.80 DS1 10,40
16,00 2410 8,00 M8 8,30
20,00 7,00 8,00 M5 8,70
19,00 3,50 8,50 M1 3¢50
8,50 15,00 8,60 12,25
20,00 8,00 . 8,70 M3 12,35
12,00 14,00 B.80 10,75
20,00 5,00 9,00 S5 4,20
19,00 4,70 9,20 M6 8,35
20,00 7,00 9,40 M7 7,70
1v,00 2,40 950 M8 8,30
19,00 4,00 9,70 M9 7,40
19,00 2,50 9,90 7,10
19,00 3,00 10,10 6,50
19,00 4,90 10,30 5,10
19,00 4,50 10,50 4,75
19,00 0,60 10,80 4,40
20,00 8,00 1100 12,35
19,00 11,00 11,20 11,65
19,00 11,00 11,30 11.80
19,00 3,00 11,50 . 6,75
19.00 9,00 11,60 ' 8,80
11,30 12,00 12,00 12,23
19,00 4,00 12,00 5 5,20

TABLE D8 (b)




COMPARISUN RUN 2 S»DsM TYPE TARGET ATTACK
CONTINUED

DETECTION TARGFT
Y TIME INENT X

11,50 12,20 DS 11,30
6,90 12,40 S3
7.50 12,60 D6

15,00 12,60 D7
2,30 12,90 S7

11,50 13,40 59

11450 13,70 S11

13450 14,00 07
2.00 14,50 MA
9,00 14,50 M10
9.00 14,50 M1
9,00 14,60 M12
8,00 14,90 M1 4

14,00 15,10 n7
0,50 15,30 M1

14,00 15,30 M3
3,00 15,60 Vb
4,00 15,90

11,00 16,10

11,00 16,90
9,00 17,00

.
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OM SITE 3 o 10 11 12 13 14 15 26 1
g 5 8 5 5

7 18 19
NUMB DM 8 5 8 8 8 5
TOM SITE 3 9 10 t1 12 13 14 15 16 17 18 19 20 21 2?

NUMB TDM 3 5 5 3 3 3 6 &€ 9 3 ¢ 2 3 3 3

TABLE D8 (¢)




APPENDIX E

sic Target and Missile Site Date

The following tables provide detailed information about the targets
in the test environment depicted in Figure 5.1. For each target, the
type resources identified with the target, the defending local defense

ites, minimum and maximum grid coordinates defining the boundaries of
the target and the target value are listed. For each area defense
ile site the grid coordinates are given. Number of DM assigned to

specified with the attack script.




LIST OF TARGETS USED IN TEST ENVIRNNMENT

COVERING MINIMUy COORDS MAXIMUM cOQORNS
IDENT TYPLE TOM SITES X ¥ X Y VALUE

16,00 11.40 16,20 11,60 10
151~ 11,65 15420 21,8R0 10
184,95 11465 15,00 11,70 10
1U,7M 8.80 14,80 8.00 10
14,67 8.60 14,85 8.r0 10
14,60 11,45 14,90 11,70 10
14,50 4,40 14,60 4oul 10
14,30 4,20 14,40 521 10
14,34 4,89 14,37 4,90 10
14,38 520 14,36 5,21 10
14,20 11,90 14,40 12,10 10
14,10 3,80 14,20 3,81 10
14,00 9,90 14,10 10,00 5
14,00 11,80 14,06 11,90 10
1 3 10 4,80 13,80 4,90 10
{3.5p 2420 13,60 2430 10
13430 11,80 13450 12.00 10
11.8n 6.85 11,493 7.00 10
11.7n 6.75 1177 6.80 10
11,60 6,35 11465 6000 10
11.10 11,40 11,20 11,50 10
10,7R 5.89 10,79 5,90 10
10,61 6,30 10,62 6e31 10
10.5¢ 6,70 10,52 671 10
9,90 3,50 104,10 3,40 5
Qe 3¢50 9.80 3440 5
9,60 10,40 9,70 10,50 10
9,40 3.40 9.60 3460 10
9,0n 8485 9.20 9,00 10
8.80 10.75 8,85 10.80 5
B.6n 11430 865 1135 10
B8.5nM 10,60 8470 10.80 10
B.40 11,90 B+50 12,10 10
Be3- 12423 8,40 12,028 10
8.20 12,30 8.50 12,40 10

P11
Pl

D1
Si
P4
P12
S4
S5
S3
S2
Pz
S6
I1
D2
P>
i
P3
P6&
D3
S7
DS2
S10
S9
S8
12
M1
DS1
P8
P9
M4
D>
P12
PI7
D4
P11
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TABLE E1 (a)




LI1ST DF TARGETS USED IN TEST ENVIRNNMENT

COVERING MINIMymMm COORDS MAXIMUM €UBORNS
IDENT TYPE TDM SITES X Y X Y

P16 Pl 10 8,10 11.80 8,30 12,00
P10 8, 4 8,00 12,30 8,20 12,50
P19 10 7.9 11,90 8,10 12,10
M2 8, 9 7.80 12,25 7T.84 12,30
PI3 8 9 7.80 12.30 8,00 12,50
PIS 95 10 7T.7T0 12,00 7,90 12,20
PI4 T.60 12,20 7,80 12,40
13 7T.10 7.50 7,10 7.50
M7 7.10 T+70 Tw2D 7+80
M3 6.8“ 12.35 7000 1?.:0
PL7 6,00 8,60 6.20 8.80
D7 Seln 8,80 5¢50 8,00
D6 4,9r 7.95 5,05 8,03
P18 4,80 8,70 5,00 8.90
P13 44,8n 8.50 5.00 8,70
M9 U470 7,40 4,80 750
P15 4,7m 8,30 4,90 8450
P19 4,60 8.70 4,80 800
PI1Y 4,60 8,10 4,80 8,30
P14 4,6n 8,50 4,80 8,70
511 4,50 8,10 4,55 8415
P16 4,.,5h 8.30 4,70 8,50
M5 4,40 8,70 4,60 8.R0
M6 4,4m 8,35 4,50 8,00
M10 4,40 7.10 4,50 T« P70
PI10 4,4m 8,50 4,60 8,70
M12 4.10 5410 4,15 515
P18 3,8M 4,80 4,00 5,00
PII? 3701 8.20 3.90 801'0
M13 3.760 4,75 3475 4,80
M8 3.6m 8430 3,70 Be50
M11 3,5m 6,50 3,60 6460
M14 3,10 4,40 3,20 4,%0
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TABLE E1 (b)




AREA DEFENSE MISSILE SITE LOCATION<

(RANGE UF MISSILES 1S 1 SQUARE LENATH. QUANTITY OF M1SSILES AT
LACH SITE IS ESTABLISHED IN THE ATTACK SCRIPT AND ARF LI<TED 1IN
APPENDIX D)

SITE ABSCISSA NROINATE

17.00 2.00
17,00 4,00
17,00 6,00
18400 8.00
18.00 10.00
15.00 13,00
16.20 10,30
1690 12,40
13,70 12,00
14,00 6,140
144,20 4:60
11,60 3. 60
1150 9.00
10,00 13,00
8460 13.50
6,60 13,00
5.40 11,00

3.80 10,00
4,00 7.90

CONTTU BWN—

TABLE E2




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* > O such that for any S > S¥%,

WF' < WF

by (i) section k.1.2
by (iv) section k.1.2.

Choose
/oy WF ' -WF i
(v) nh = W so that
and

S* (DF-DF') = WF' - WF

Now, for any S > S¥ , say S' ,

S'(DF-DF') > WF' - WF

S'DF > WF' - WF + S'DF'

(W+ S'D)F' = WF' + S'DF’

WF' + WF - WF + S'DF'
=WF + (WF' - WF + S'DF'")
< WF + S'DF = WF

The proof is complete.




