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MEMORANDUM FOR RECORD
SUBJECT: Analysis of Force Potential (AFP)

1. In October 1983 CAA initiated a major developmental effort to provide
new static measures of the combat potentials of equipment and major
organizations. The resulting AFP System is central to a new method for
Measuring Improved Capabilities of Army Forces (MICAF).

2. This guide provides a detailed description of the AFP System and its

components.
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STUDY

SUMMARY
CAA-D-84-14

ANALYSIS OF FORCE POTENTIAL SYSTEM

(AFPSYS)

THE REASON FOR PERFORMING THE STUDY is primarily widespread dissatisfaction
with previous combat potential estimation methods that do not give enough
attention to influences noted below in the study objectives.

THE PRINCIPAL FINDINGS during AFP System development and implementation and
as evidenced by illustrative examples in the Operator's and Programer's
Guide to the AFP System and by the parallel MICAF Study application are:

(1) A1l modules, submodules, and special processors of the AFP System for
estimating the static combat potential of equipment and organizations have
been tested and perform as designed.

(2) AFP estimates of static combat potentials depend on input to the AFP

System and are sensitive to opposing sides' weapon characteristics, weapon
quantities, type-on-type engagement preferences, environmental conditions,
and combat support and combat service support Tevels.

(3) Full application of the AFP System is labor, data, and computer
intensive.

THE MAIN ASSUMPTIONS for purposes of estimating static combat potentials:

(1) The large-scale battlefield may be decomposed into separate firepower-
counterfirepower, combat support, and combat service support processes.
These processes may be analyzed largely independently. Their separate
results may be combined afterward to yield estimates of combat potentials.

(2) Total division firepower-counterfirepower processes may be decomposed
into pure weapon type on pure weapon type engagements. The engagements may
be further decomposed into still smaller matchups in which at least one
weapon opposes one or more weapons. Only indirect, area fire weapons may
impinge on the interaction of otherwise pure type-on-type "duels." The
usual techniques of dynamic modeling and simulation need not be applied
except to the independent duels of relatively short duration.

(3) Movement and maneuver need not be represented within the firepower-
counterfirepower process. Tactical mobility may be treated adequately

within the combat support and combat service support processes. Duels are
distributed to fixed ranges.

THE PRINCIPAL LIMITATIONS

(1) Like all static indicators, AFP combat potentials may be inappropriate
bases for estimating prolonged, fluid combat.



(2) Because AFP combat potentials depend on weighted averages for 16 dis-
tinct combat environments, the potentials may not be useful estimators for
differently weighted or different environments. For example, interest in
just one of the combat environments implies a vastly different weighting:
just one 1.0 and 15 0.0's.

(3) AFP combat potentials are estimates of achievement for the very
special circumstance in which one's own weapons are 50 percent attrited.
(This is why AFP combat potentials are often called "half-life
potentials.") In general, the potentials do not correspond to any one
common moment in projected real time because different weapon types do not
reach 50 percent survival at the same instant.

(4) In its current implementation, the AFP System does not represent
suppression nor the effects of echelons above division (other than some
nondivisional artillery and some fixed wing aircraft).

THE SCOPE OF THE STUDY included development and implementation of the AFP
System and parallel support of the MICAF Study. The Operator's and
Programer's Guide to the AFP System provides a wealth of information needed
in maintaining and applying the AFP System. Some applications of the AFP
System have been made in support of other studies. In particular, the
MICAF I and II Studies depended heavily on AFP, and AFP "results" may be
found in the MICAF I and II reports.

THE STUDY OBJECTIVES are to develop and demonstrate (via the parallel MICAF
application study) a new method for estimating the static combat potential
of equipment and organizations. That method is to depend more directly on
quantitative data, full division inventories of opposing equipment, combat
support, combat service support, and wider range of combat environments
than in previous approaches.

THE BASIC APPROACH of AFP 1is to begin with a highly stylized abstraction of
the battlefield, decompose the battlefield into separate processes, provide
extensive input data to drive those processes, and then operate a system of
specially developed computer programs which replicate estimates of kills
and losses for 16 different combat environments, project those estimates to
half-lives, modify the estimates in accord with support Tevels, and roll up
everything into final estimates of combat potential.

THE STUDY SPONSOR is the Director, CAA.

THE STUDY EFFORT was directed by Mr. Gerald E. Cooper, Strategy, Concepts
and Plans Directorate. A1l directorates contributed.

COMMENTS AND QUESTIONS may be directed to US Army Concepts Analysis Agency,
ATTN: Assistant Director for Requirements and Resources, 8120 Woodmont
Avenue, Bethesda, MD 20814-2797

Tear-out copies of this synopsis are at back cover.
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OPERATOR'S AND PROGRAMER'S GUIDE TO THE ANALYSIS OF FORCE
POTENTIAL SYSTEM (AFPSYS)

I. INTRODUCTION

1. The purpose of this volume is to provide operator/programer documenta-
tion of the Analysis of Force Potential System (AFPSYS) data, computer pro-
grams, and procedures for estimating and often comparing the combat poten-
tial of Army equipment and organizations (currently up to and including
division level).

2. The complete AFPSYS includes a wide variety of input data files from
several sources; utility programs for converting input to forms better
suited for use within AFPSYS; major program modules for estimating combat,
combat support, and combat service support results, and for merging such
results for a single combat environment; a major program module for merging
the results of 16 combat environments into compiete estimates of combat
potential; modules for comparing combat potentials among equipment types
and among different organizations; and utility programs for managing files
and generating runstreams. AFPSYS runs under the normal UNIVAC 1100-series
computer operating system. AFPSYS modules and utilities are written in
ASCII FORTRAN, COBOL, and SYMSTREAM, a language peculiar to the UNIVAC SSG
processor.

IT. SCOPE

3. This volume provides reference material for the execution of AFPSYS.
It includes information necessary for an operator/programer to modify
existing data, generate data for "new" equipment or organizations, create
new file names and the corresponding files, and execute utilities and pro-
gram modules. The main part of this volume is very short; it provides
1ittle more than a short description of AFP in general and an index to the
volume's appendices which provide:

a. A diagram of the complete system with some discussion of the
notation and implications of the diagram: Appendix B. The diagram
provides the "road map" for the following appendices.

b. A key to the data preprocessing utility programs: Appendix C.

c. A description of the Combat Module: Appendix D.

d. A description of the Combat Support/Combat Service Support Module
and its preprocessor program: Appendix E.

e. A description of the module for the merge of combat/combat support/

combat service support results for a single combat environment: Appendix
F.

f. A description of the module for merging a single organization's
results over all 16 combat environments: Appendix G.
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g. A description of the programs for comparing different organizations:
Appendix H.

h. A description of a special procedure for estimating the combat po-
tential of an organization "between" two organizations for which results
are already known (i.e., AFP interpolation): Appendix I.

i. A key to the various reports producible throughout execution of
AFPSYS: Appendix J.

J. A key to the AFPSYS approach to runstream management via the
SYMSTREAM language of the UNIVAC SSG processor: Appendix K.

ITT. VIEWPOINT

4. It is assumed that an operator/programer is going ahead with an AFPSYS
application. This volume does not argue for or against the AFP approach.
It does not replay consideration of the relative merits of static and
dynamic approaches to the estimation of combat potential. It is assumed
that the operator/programer is familiar with the UNIVAC operating system,
and with the FORTRAN, COBOL, and SYMSTREAM programing languages. Even
then, the new operator/programer should have the services of someone
already experienced in operation of AFPSYS and in the interpretation of
results.

5. Many AFPSYS parameters were set at the beginning of system development
with the prospect of changing their values in order to improve the
reliability of results and/or speed of system execution. However,
debugging of the AFP Combat Module consumed so much time and energy that
too Tittle time and resource were left for "improvements." The AFP team
believes that improvements are desirable and achievable. For example, if
run times of the main modules can be reduced enough, the AFP interpolation
process can be discarded. In a sense, a change of an AFPSYS system
parameter defines a new AFPSYS. Indeed, in that view, there is a family of
imaginable AFP systems. Certainly not all members of that family would be
equally useful and efficient. There may be some optimal member of the
family. Unfortunately, no good procedure exists at this time for finding
that best member. However, some effort should be devoted to finding
parameters that permit the system to evolve to steadily better performance.

IV. AFP IN GENERAL

6. AFP provides a new way to estimate the combat potential of weapons and
units. However, like several earlier measures, AFP estimates of combat
potential fall in that broad class known as "static measures." Among other
things, that means that relatively little of the dynamics of warfare is
treated explicitly within AFP. Indeed, the AFP method is not now nor was
it ever intended to involve what is usually called "combat simulation." On
the other hand, the AFP method does estimate attrition, survival, and,
hence, exchange ratios from very short duration sampling of highly stylized
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duels. Still, CAA prefers to insist that AFP is not a simulation nor a
model in the usual senses of those terms.

7. The AFP approach is asserted to be superior to earlier "static" efforts
because explicit attention is given to the level and mix of weapons in both
the US and threat units or forces faced off in each of 16 distinct combat
environments. Also, AFP explicitly approximates impacts of combat support
and combat service support (CS/CSS). The CS/CSS approximation remains cruder
than CAA would 1like it to be, but it is the best that can be done given the
current state of knowledge of the matter.

8. AFP has been limited to divisions versus divisions with only some air-
craft included from among all the resources above division Tevel. In the
long run, CAA is committed to address many more higher level resources.

9. AFP, then, is certainly more broadly based than its static measure
predecessors. In practice, as shown in Figure 1, it has been necessary to
split apart the total combat/CS/CSS process and address those pieces separ-
ately before combining the combat and CS/CSS results into the grand esti-
mate of combat potential--in the last step of the AFP process. This bold
splitting of the total process is reflected by the three blocks within the
larger AFP block in Figure 1. The next paragraph begins a 1ittle deeper
look into each of the three blocks within that Targer AFP block.

g WEAPON
HARACTERISTIC ENGAGEMENT
E.G.. SSPKs PREFERENCES &
AFP ESTIMATION OF COMBAT POTENTIAL
THREAT ITEM COMBAT 1 DIVISION .
INVENTORY MODULE MERGE & [POTENTIAL
ROLLUP MODULE
US DIVISION | CS/CSS — ITEM .
ITEM MODULE POTENTIAL
INVENTORY

(C, CS, CSS)

Figure 1. The Analysis of Force Potential (AFP) System in Outline
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a. First, the AFP Combat Module. Only firepower and counterfirepower
(1ess suppression) are represented in the AFP Combat Module. As suggested
in the upper left corner of Figure 2, combat is represented by a matrix of
possible matchups. Up to 60 weapon types on each side may be paired
against opposing weapons--against just one opponent type or against all
types. Weapon types are assigned to 12 weapon categories, largely as a
bookkeeping convenience, but, in principle, a weapon from any category may
engage or be engaged by a weapon in any other category--subject, of course,
to AFP-imposed constraints. Each cell of the matchup matrix may lead to a
distinct type-on-type battle. One such battle is suggested in the center
of the diagram. One model of US tanks opposes one model of threat tanks.
(Different models of tanks are permitted within AFP, but each model-versus-
model matchup leads to a separate matrix cell and, hence, a separate mini-
battle. A so-called minibattle may engage from a few to several hundred
tanks.) In the minibattle, the tanks are subdivided over up to five ranges
from 250 to 2,500 meters. During the course of a minibattle nothing moves
from one range to another. However, the weapons are "fired" subject to a
probabilistic treatment of detection, firing time, and "killing." By now
everyone is probably wondering why the artillery symbols are included in
the tank-on-tank snapshot. The AFP Combat Module subjects the direct fire
weapons to the possibility of attrition from indirect fire within the scope
of minibattles. Some weapons may be assigned to a sixth, so-called "deep
range." Tanks so assigned cannot fire at one another because of the great
range, but they may be targets of indirect fire weapons. Units in reserve
or moving up to engage occupy the "deep range." The tanks are at a dis-
advantage inasmuch as they are not permitted to engage the up to 10 types
of indirect firers that may be pounding away. However, some of the in-
direct fire weapons are committed to counterbattery minibattles which may,
in the long run, reduce the amount of indirect fire inflicted on the
tank-versus-tank and other direct fire minibattles. Subject to AFP-imposed
constraints, survivors may engage in later minibattles. The results of
minibattles are estimates of survival, loss, and exchange ratio as sug-
gested by the two-dimensional sample plot at the Tower right of the figure.
Starting strengths and results of all minibattles for all matchups and
repetitions of matchups are saved for use in the later steps of the AFP
process.
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b. In the meantime, a separate AFP module is busy generating CS/CSS .
factors for the functions shown in the upper left corner of Figure 3. De-
pending on the specific function, both measures and countermeasures for
both sides may be estimated as suggested in the center of Figure 3. The
estimates, depending on the function, are based on independently derived
capabilities and requirements, as appropriate. A requirement may be re-
garded as primarily one-sided in the sense that a maintenance requirement
depends mostly on the quantity and quality of one's own assets. Or it may
be regarded as two-sided in the sense that the quantity and quality of the
opponent's assets and activities are the primary drivers. Capability
depends on the quantity of one's people or equipment (also on the quality
of equipment). The factors for the separate CS/CSS functions may be in-
dexed or normed relative to some base unit or year and are then combined
dependent on weapon-versus-weapon considerations and on environment as
suggested at the lower right corner. The combined factors are ijdentified
by the somewhat esoteric term "CS/CSS moduli." These moduli are saved for
combination with results of the Combat Module in the later steps of the AFP
process.

FUNCTIONS
CS €55

TACTICAL MOBILITY MEDICAL
BRIDGING MAINTENANCE
MINE/C'MINE SUPPLY &
PROTECTIYE POSITIONS TRANSPORTATION
C2EW

BLUE & RED
MEASURES & COUNTERMEASURES

RELATED TO ONE- OR TWO-
SIDED CAPABILITIES AND/OR
REQUIREMENTS (EQUIPMENT AND/
OR PEOPLE), PERHAPS INDEXED

\

COMBINED OYER ALL FUNCTIONS AS
APPLICABLE TO WEAPON TYPE ¥S
WEAPON TYPE AND TO ENYIRONMENT
TO YIELD *C5/CSS MODULI™

Figure 3. Major Steps in the AFP Combat Support/Combat ‘
Service Support(CS/CSS) Module
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c. Figure 4 is intended to suggest how the previously generated AFP
partial results become summed into final measures of combat potential of
the "Blue" side. In principle, for summation over all weapons and environ-
ments, there may be more than 50,000 expressions such as the one shown
here. It is the job of the final AFP module to retrieve the previously
saved partial results, combine the terms correctly, and sum the results of
the expression shown for all type-on-type engagements and for 16 distinct
environments and possibly many replications. Summation over replications
implies division by the number of replications. Because the AFP process is
fully two-sided, computations similar to those suggested in Figure 4 are
also performed for the "Red" side.

(1) The term, RED LOSSES, is an estimate fed from the Combat Module
for the particular type-on-type engagement (here symbolized by "TT").

(2) That term is multiplied by the CS/CSS modulus for that type-on-
type duel from the CS/CSS Module.

(3) In turn, that product is multiplied by the number of Blue weapons
allocated; this term and all the others Tike it come from the Combat
Module. A1l estimates of threat losses are projected to the same assumed
fractional, clock, or resource lifetime of the friendly weapon type. In
AFP work to date, combat potential has been estimated through the first
half of total lifetime, the first 2 weeks of combat, or the expenditure of
a basic load of munitions, depending on the equipment types.

(4) Combat potentials consist of five components: personnel, 1ight
armored vehicles, heavy armored vehicles, aircraft, and scalar. The kill
of a target, in general, contributes target-type dependent amounts to the
five components. The multiplier "target value" makes the appropriate ad-
justment. On option, certain other weapons (e.g., small arms) may be
included with the "personnel" components of potentials.

(5) Because not all combat environments are equally important or
lTikely, another multiplier expressing the relative weight by environment is
appli~-. On option, the four-valued measure may be weighted by target
values, and the "personnel" component may include other weapons.

(6) And finally, the preceding intermediate result is divided by the
Blue losses of the given type over all engagements involving that Blue
weapon type.
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d. There is more to the last AFP module than is shown in Figure 4.

Some averaging over multiple engagements may be performed and the calcula-
tion shown in Figure 4 for a Blue division combat potential has a counter-
part for the threat. Other system features permit scores for individual
weapons to be generated. Also, scores without CS/CSS modulation may be
produced. Eijther partial or total scores may be produced for personnel,
1ight armor, heavy armor, and aircraft target classes separately in a four-
valued static measure or rolled up into a single-valued weighted measure.

10. Sixteen combat environments may seem an unncessarily large variety to
include within the scope of normal AFP estimation of combat potentials. On
the other hand, 16 combat environments provide a rather Timited set of com-
binations of the conditions and their levels which may influence combat
outcomes within a specific theater.

a. From among all thepossible light Tevels, AFP represents only two:
day and night.

b. From among all the possible levels of obscuration, AFP represents
only two: clear and degraded.

c. From among all commonly defined postures, AFP represents only four:
Red Attack of Blue Prepared Defense (RAPD), Static, Red Attack against Blue
Delay (RADE), and Blue Attack of Red Prepared Defense (BAPD).

d. From among all possible starting division ratios, AFP represents
just four (Red divisions:Blue divisions): 4:1 3:1, 1:1, and 1:3.

e. AFP weapons may be shooters or targets or both. As a shooter or as
a target, a weapon may be open or in defilade, and it may be stationary or
moving.

f. From among all possible ranges at which weapons may engage, AFP
represents just five at which direct fire weapons may shoot plus another
deep range at which they may be targeted without returning fire.

g- Although, in principle, almost any kind of weapon can engage almost
any kind of weapon, few AFP weapons engage more than 15 opposing types.
Nevertheless, there could be 60x60 distinct type-on-type matchups.

11. An exhaustive examination of all the combinatjons of factors identi-
fied in paragraph 5 could, in the extreme, lead to as many as 2x2x4x4x2x2x
2x6x60x60x2 = 20 million "combat outcomes." Examination of all these is at
once impossible and unnecessary. Clearly the AFP approach must ignore the
vast majority of combinations. Indeed, the official table of 16 combat
environments is as shown in Figure 5 The environmental characteristics
shown in Figure 5 reflect AFP policy, not experimental results or interna-
tional rules of engagement. Notice, for example, that the RAPD posture is
always represented at a 3:1 Red to Blue division starting ratio. Although
not shown in Figure 5, range distribution and type-on-type weapon
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preferences do depend on posture but do not vary for the same type-on-type
pairing within a posture. Nevertheless, the data demands of AFP are
enormous. .Detection and/or single shot probability of kill (SSPK) data
vary by open/defilade, day/night, moving/stationary, shooter/weapon/round,
range, and target types. On the other hand, such basic data as refire
times depend only on the shooter/weapon/round type. The basic data do not
depend on the numbers of targets (except for indirect fire). Hence, volume
of AFP fire may be expected to depend directly on the numbers of firers
with powerful effects on killing rates, which in turn affect survival rates
(doing unto the opponent before it can do unto you), and hence, exchange
ratios.

CONDITION

o R B BLUE : RED g :
CBT :VISI- DAY/ Pmm e et —s——e—eee————-:DIVISION :

ENV:BILITY NIGHT POSTURE :SHOOTERS:TARGETS :SHOOTERS:TARGETS :R/B RATIO:

1 :CLEAR DAY RAPD DS D s O M oM 3:1
2 : STATIC D S DS 0o S oM 1:1
3 RADE 0 s (O] (O] oM 4:1
4 BAPD O M oM DS D s 1:3
5 NIGHT RAPD DS DS oM oM 3:1
6 STATIC DS D S 0 S oM 1:1
7 RADE 0Os 0 S 0 s oM 4:1
8 BAPD oM OM D S DS 1:3
9 :DEGRADED DAY RAPD DS DS oM O M 3:1
10 : STATIC D S DS 0 s O M 1:1
11 RADE 0 s 0 s 0 S oM 4:1
12 BAPD oM oM DS DS 1:3
13 NIGHT RAPD DS DS oM oM 3:1
14 STATIC D S DS O s O M 1:1
15 RADE 0 s 0 s 0Ss oM 4:1
16 BAPD oM O M DS D S 1:3

D= DEFILADE
O= OPEN
M= MOVING

S= STATIONARY

Figure 5. Characteristics of the 16 AFP Combat Environments

12. The following paragraphs highlight some worrisome aspects of the AFP
approach.

a. In AFP, a weapon type can run up a high score only by killing much
more than it loses. And because kills are credited at different values,
killing tanks and aircraft earns higher scores than does killing small
arms. Weapons do not, within AFP, earn points for suppression or diversion
of opposing fires. In particular, counterbattery fire typically gets
lTittle credit in AFP analyses. Counterbattery fire only rarely kills an
opposing indirect fire weapon. The fact that counterbattery fire forces
opposing firers to move more frequently is neither credited nor represented
explicitly. The refire times input to AFP presumably reflect some averaged

10
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effect of counterbattery activity, but slower enemy firing rates do not
directly accrue credit to counterbattery weapons. To a degree, counter-
battery fire by one side forces an opponent to engage in similar activity.
Hence, counterbattery fire diverts some weapons from killing softer, perhaps
valuable, other targets. AFP does not credit counterbattery weapons with
equipment and lives so "saved." However, the weapons saved do, in principle,
achieve higher scores because they survive longer. Thus, some of the value
of counterbattery weapons shows up in the scores of other weapons.

b. The AFP process may be viewed as a sampling of many of the events
possible between opposing divisions. But in AFP nractice, only a small
fraction of the possible events may be represented. On the theoretical AFP
battlefield, some weapon type might meet at least one of each of 60 oppos-
ing weapon types at each of five or six ranges. Just one each of these
possibilities requires 360 distinct AFP duels. Yet all AFP direct fire
duels are mutually exclusive in the sense that no direct fire weapon can
perform in two or more AFP duels concurrently. In this sense, there must
be 360 of a weapon type before 360 duels may be sampled one each. It is
not necessary that all 360 possibilities be tried. However, many division
weapons exist at less than 360 items per division. A statistician would
1ike to have many duels against each weapon type and at each range of in-
terest A seemingly modest request for 20 duels against 10 weapon types at
each of 4 ranges requires 20 x 10 x 4 = 800 weapons before the statistician
begins to feel comfortable. Very few major weapon systems populate divi-
sions to the Tlevel of 800 items. The replicative approach does not elimi-
nate all such problems.

c. Low density weapons produce another AFP difficulty. The problem is
clear in a trivial extreme. Suppose a division contains only one item of
weapon type Z. Weapon type Z may only kill opposing weapon type A and may
only be killed by weapon type B. The solitary weapon of type Z can parti-
cipate in only one duel. If Z duels A, Z cannot be killed. If Z duels B,
Z cannot kill. Because of AFP weapon allocation rules, replication does
not help solve this problem. Even if there are 10 weapons of type Z, a
problem remains. The AFP analyst/user must know in advance how to divide
those 10 weapons between Z-A and Z-B duels. -This problem is not exactly
the same for direct and indirect fire weapons. Indirect firers can be
killed only as a result of counterbattery duels. Indirect firers kill best
in other than counterbattery roles. Let Y be a modern Blue indirect fire
weapon system; a typical division may have only nine of weapon Y. The AFP
process works best for weapons numbering in the hundreds and which can kill
each other directly. Only nine of a weapon provides an allocation dilemma.

13. Because AFP estimated combat potentials depend strongly on exchange
ratios, the AFP method can be very sensitive to weapon qualities and
quantities--up to a point. For some weapons against some targets at some
ranges in some combat environments, the result may be very one-sided. It
may be so one-sided that more or better weapons for one side may make no or
only Tlittle difference in outcome. Within the constraints of static analy-
sis, AFP has been developed to be sensitive to very many, but hardly

11
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all, the possibly crucial aspects of combat. In short, AFP is often said

to be context sensitive. Indeed it is, but that also means that it may be
more or less sensitive to the same input changes also depending on context,
e.g., combat environment with all that implies about posture, division
ratio, range, weapons, and the like. Figure 6 summarizes some of the fac-
tors which are and are not represented and reflected in any modules and in
the AFP indices of combat potential. The extent to which disregard of the
listed factors degrades the usefulness of AFP indices of combat potential
remains unknown. Disregard of the same factors for both sides almost cer-
tainly does not "average out" for different divisions in different numbers,
with different objectives and doctrine, and in different postures. Although
the AFP method is symmetric in its treatment of both sides, the input values
are not identical for both sides. AFP indices then must be regarded as
being displaced in unknown directions by unknown amounts. Hence, the or-
dering of some output values differing by only small amounts may be reversed.
Replications of the AFP Combat Module yield estimates of variances of many
components of AFP combat potentials. Inasmuch as so many possible sources
of variance are disregarded in the AFP process, the variances output by AFP
probably grossly underestimate battlefield variations.

AFP INDICES DO REFLECT AFP INDICES DO NOT REFLECT

e QUANTITY AND QUALITY OF MANY KINDS e NUMBER OR QUALITIES OF SOME

OF ITEMS, E.G., TANKS, ARTILLERY OF ITEMS, E.G., MAINT SHOP SETS
e QUANTITY OF PERSONNEL MANNING/ ® QUALITY, MORALE, LEADERSHIP, AND
SUPPORTING OPERATION OF ITEMS TRAINING

e SOME PARTS OF ABILITY TO ACCOMPLISH e COMMAND ASPECTS OF CONTROL
FUNCTIONS (I.E., COMMO, EW) FUNCTIONS

e PERFORMANCE CHANGES RESULTING FROM e DETAILED PERFORMANCE DIFFERENCES
ENVIRONMENTAL CONDITIONS (CRUDELY) RESULTING FROM SUPPORT OF COUNTER-
MEASURES, ETC.

e EFFCTS OF SUPPORT ON SHORT-TERM e EFFECTS OF SUPPORT ON LONG-TERM
SUSTAINMENT SUSTAINMENT

e SOME FACTORS SUCH AS WPN-TO-TGT e DIFFERENCES IN TACTICAL DOCTRINE
ALLOCATIONS WHICH CAN CRUDELY IN DETAIL

REPRESENT TACTICAL DOCTRINE

Figure 6. Indices -- "Do's and Dont's"

12
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14. The AFP approach depends on many assumptions. The development team
inherited a variety of guidelines that appeared to have been based on some-
one's combination of experience and intuition. The origins of these guide-
Tines were never documented. AFP's inclusion of specific combat, combat
support, and combat service related factors seems beyond dispute. AFP's
exclusion of many probably related factors remains questionable. AFP's
treatment of the included factors has not been proved correct by the pre-
ferred standards of scientific inquiry. On the other hand, its methods and
results have been scrutinized in varying degrees by analysts of consider-
able and significant experience. No one has been fully satisfied. How-
ever, the collective and probably balanced opinion to date is that AFP
treats a wider range of combat environments (16) including division ratios
(4:1 to 1:3), postures (4), brightness (2), including division ratios (4:1
to 1:3) postures (4), brightness (2), and visibility (2) with more reason-
able results in the large than other known efforts at estimation of static
combat potential. The following subparagraphs list many of the AFP -ssump-
tions, guidelines, and axioms.

a. The usual techniques of dynamic modeling and simulation are not
applied except to very small engagements over short time intervals.

b. Large-scale combat may be decomposed into separate firepower-
counterfirepower, combat support, and combat service support processes.
These processes may be analyzed largely independently, and their results
may be combined largely afterward.

c. Gross direct fire division combat may be decomposed into pure
weapon-type-on-weapon-type engagements. Such engagements may be further
decomposed into smaller matchups in which at least one weapon opposes one
or more weapons. Only indirect fire weapons may impinge on the interaction
of otherwise pure type-on-type "duels."

d. In AFP work to date, higher echelon fires and support have been ig-
nored. (Later generation AFP is to include echelons above division.)

e. Movement and maneuver are not represented within the Combat Module.
Duels are distributed to fixed ranges. Opposing weapons that survive are
assumed to remain at those ranges throughout an AFP "day." SSPKs are ad-
justed for moving targets. However, the difficuities of detecting aircraft
within a lobed three-dimensional space are consistently underestimated.

The AFP battle space remains essentially one-dimensional for all direct
fire weapons.

f. An AFP combat day consists of four 2.0l1-minute intervals. An AFP
combat run consists of 2 AFP combat days.

g. Direct fire weapons may not fire until normal detection occurs or

until they have been fired upon a specified number of times by the opposing
direct fire weapon(s).

h. A direct fire weapon which annihilates its opponents in a duel can-
not shift its fire to similar opponents at the same range until the next

13
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duel. (A duel occupies one 2.0l-minute interval.) A direct fire weapon ‘
may not shift its fire to another range or to another type opponent until

the next AFP day. This scheme for holding and switching targets tends to

mix the squared and Tinear law flavors of simplest Lancester theory. The

extent of the mixing depends on the rates of fire and lethalities of

rounds. Quickly terminating duels tend more toward linear flavor over

successive duels. Duels terminating near 2.0l minutes or more tend more

toward squared flavor in the long run.

i. Input engagement preferences and the opposing inventories at the be-
ginning of AFP days determine the numbers of weapons of each type meeting
enemy weapons of each type. Type-on-type duels are then forced to occur at
very nearly those type-on-type odds. Hence, duels at much worse than aver-
age odds tend to be rare. The effect usually benefits relatively slow-
firing weapons with relatively high SSPKs. Replication of the AFP Combat
Module does not affect the tendency for duels to occur at very nearly aver-
age odds.

J- Weapons are assumed to replenish ammo between duels. The effect is
negligible for weapons which do not expend much of their on-board ammo be-
tween during a duel. The assumption is to the advantage of one- or two-
shot weapons, for example.

k. AFP combat potentials depend, among other things, on both estimated
kills and target values. Estimated kills are an intermediate AFP result.
Target values are an AFP input. To date it has not been practical to im-
plement a method in which target values, too, are an AFP result.

1. AFP combat potentials depend on both kills and Tosses. Indeed,
exchange ratios are key terms in the computation of potentials. Notice,
that an exchange ratio is an estimate of how many kills may be achieved if
the weapon type represented in the second part of the ratio is run down to
zero survival. In that sense, the exchange ratio is a measure (usually
extrapolated) of the lifetime killing potential of a weapon. There are
obvious objections to measures of full lifetime potential. Few forces
fight to their own total depletion. For many weapons, projection to full
lifetime potential involves imprudent extrapolation to a distant future far
beyond the Timits of known results. AFP employs estimates of fractional
lifetimes for most weapons. For those weapons, AFP potentials provide an
estimate of kills achievable for loss of half of one's weapons. Indeed,
the term half-Tife potential is sometimes employed within AFP. Depending
on the weapon, half-1ife estimation may involve extrapolation or interpola-
tion from results of the AFP Combat Module. It is important to note that
different weapons will not reach their half lives at the same battlefield
moment. For this reason, AFP potentials are sometimes called asynchronous
potentials--i.e., estimates for different weapons at constant 1ife frac-
tions but different calendar time. Some potentials (for indirect fire and
SAMs, for example) are estimated differently. Indirect fire potentials
reflect estimated kills achievable within two weeks of combat. SAM kills
represent estimates of kills achievable by the in-theater supply of

missiles. .

14
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m. Within the AFP Combat Module, indirect fire weapons "fire" only dur-
ing the standard 2.01 minute intervals. That means those weapons fire only
8.04 minutes per AFP day at very nearly intense rates. AFP makes a post-
Combat Module adjustment to indirect fire results under the assumption that
indirect fire weapons would have fired their normal daily loads and identi-
cal effects per round.

n. Final AFP combat potentials are weighted sums across 16 combat en-
vironments. A result from a single combat environment is called a partial
combat potential. Weighted summation may produce the same final potential
for divisions with different partial potentials. From the AFP potential
point of view, the two divisions are equally "good" or "bad" on (weighted)
average. Yet no one would want to use the divisions interchangeably, given
any better prior knowledge of environment on one's own or the enemy's part.
Here, "to use" involves not just battlefield choice but also choice in fur-
ther combat analyses and force comparisons where combat environments differ
markedly.

15. This section has been about AFP in general and is not a summary of

this guide. The complete guide is primarily a collection of appendices and
annexes for AFP system operators and programers. The contents are organized
by major and minor module. Unclassified examples of input, output, run-
streams, and programs are included. Production versions of some parts must
necessarily differ from the examples shown in order to achieve secure pro-
cessing. Examples shown may include obsolete user IDs; it was easier to
retain the IDs current at documentation/example time than to issue new
examples every time a user changed.

V. ORGANIZATION OF GUIDE

16. Application of the complete AFP System involves preparation of many
different data sets specific to the System's different modules, preparation
of module runstreams, execution of modules, and review of output. Some of
the output of a module may become input to another module. Some modules
may be executed many times during a "single" system application and within
a single runstream. Finding particular information about these AFP matters

within this guide to AFP may be difficult. Several reference aids are pro-
vided.

a. At the highest level, the guide is organized by module and submodule
(with some extras). The tables of contents reflect this macrostructure.

b. Figure 7 is the official "road map" to the AFP System and its docu-
mentation. It goes a step beyond macrostructure. Figure 7 shows which
parts of the documentation correspond to which parts of the AFP System.
Similar figures appear at the beginnings of many appendices to help orient
the reader. Figure 7 includes many clues to the names of programs, data
sets, runstream generaors, runstreams, and reports. The clues are not
described here, but they will gain in value as an operator or programer
uses the guide.

15
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c. Although each AFP module is different from the others, the descrip-
tions of the modules follow a common pattern; hence, this guide's principal
appendices and annexes are similarly organized in the following order:
OVERVIEW, INPUT, OUTPUT, RUNSTREAM, and PROGRAM.
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Figure 7. Key to Descriptions of Principal Data, Modules, Other Components, ‘
and Products of the Analysis of Force Potential (AFP) System
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(1) Overview. A module (or submodule or special processor) overview
describes a module's position to the AFP System in total. Some of the
overviews include background information. For example, the overview for
the Firepower/Counterfirepower Module (Combat Module) in Appendix D delves
into a philosophy of combat representation and interpretation especially
useful for AFP purposes.

(2) Input. A module's input data are described (apart from "input"
to the modules's runstream generator) in more or less detail as appropriate.
Examples of input records may be included. Input generated as the output
of another module or process may be described more fully for the generating
program than for the receiving program. Appendix C provides a key to the
lTocations of preprocessor descriptions. Most of the AFP System's prepro-
cessors involve preparation of input data. Hence, Appendix C is also a key
to discusssions of much of AFP input. The central table of Appendix C is
included here as Table 1. The input to the Combat Module is so extensive
and involves so many preprocessors that the "input" paragraphs of Appendix
D (on the Combat Module) are limited to a keyed guide to separate annexes
containing the details of the corresponding data and preprocessors.

(3) Output. A module's output data are described (apart from output
of the module's runstream generator) in more or less detail. In most
cases, examples are provided. Some output are optional. Output may
include intermediate or final results, diagonostic information, or simply
copies for record. Appendix J provides a key to the locations of
descriptions or examples of principal AFP output. The central table of
Appendix J is reproduced here as Table 2.

(4) Runstream. Most of the AFP System's modules may be executed
using runstreams producible by runstream generators written for the UNIVAC
SSG processor. A generator, if it exists for a given module, is described
in the runstream section. As a minimum, the SGS section of the generator
is discussed. In some cases, the SKELeton section is also described. 1In
ideal AFP production, only SGSs need be changed. In practice, many situa-
tions arise in which it is most convenient to modify the SKELeton section
as well. In other words, the generators shown are not perfectly general
and should be regarded as specific examples subject to change as necessary
or convenient. The UNIVAC system editor is the obvious choice for making
global changes of user IDs, for example. Most runstream descriptions
include one or more examples of generated runstreams. Any example run-
stream is necessarily specific to some single run. Some runstream
generators include an option to produce a runstream as an ©ADD or an G@START
element. Single execution of some runstream generators may produce several
runstreams for separate executions of one or more modules. Appendix K pro-
vides a key to the Tlocations of descriptions and examples of runstream
generators and generated runstreams. The central table of Appendix K is
reproduced here as Table 3.
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Table 1. Key to Preprocessor Descriptions

Block # Parent | Location of main description
Preprocess(or) in Fig 7 module or other related material
Prepare range 1 Combat Annex III to Appendix D
distributions
'Prepare participation 2 Combat Annex V to Appendix D
factors
Prepare casualty factors 3 Combat Annex IV to Appendix D
Prepare SSPKs 4 Combat Annex VI to Appendix D
Prepare weapon-on- 5 Combat Annex II to Appendix D
weapon preferences
Prepare artillery data 6 Combat Annex I to Appendix D

Annex VIII to Appendix D

Prepare inventories and 7 Combat Annex I to Appendix D
related data
Prepare sensor data 8 Combat Annex I to Appendix D
PREFGEN 12 Combat Annex VII to Appendix D
RNGDSTGEN 12 Combat Annex VII To Appendix D
PKSGEN 12 Combat Annex VII to A ~ndix D
PROJGEN 12 Combat Annex VII to Appendix D
PRECSCSS 9 CS/CSS Annex I to Appendix E
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Key to AFP OQutput Record Copy and
Report Examples and Descriptions
(page 1 of 2 pages)

Record copy or Block # Related Location of descriptions

report in Fig 7 process and/or examples

Basedata 6-8 Combat Annex I to Appendix D
preproc Annex VIII to Appendix D

Weapon on weapon 5 Combat Annex II to Appendix D

preferences preproc

Range distribution 1 Combat Annex III to Appendix D
preproc

Casualty factors 3 Combat Annex IV to Appendix D

‘ preproc

Participation factors and 2 Combat Appendix V to Appendix D

engagement characteristics preproc

SSPKs 4 Combat Annex VI to Appendix D
preproc

Allocation "scoreboard" 21 Combat Appendix D, paragraph
preproc D-4c

Killer/victim scoreboard 20 Combat Appendix D, paragraph
preproc D-4d

Quality assurance report 19 Combat Appendix D, paragraph

(QAREP) D-4e

CS/CSS input 9 CS/CSS Annex I to Appendix E
preproc

CS/CSS factors 10 CS/CSS Annex I to Appendix E
preproc Annex II to Appendix E,

Figure E-II-9

Special CS/CSS Module 15 CS/CSS Annex II to Appendix E,
Module Figures E-11-2-8

CS/CSS moduli 14 CS/CSS Annex II to Appendix E,
Module Figure E-II-10
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Table 2. Key to AFP Qutput Record Copy and
Report Examples and Descriptions
(page 2 of 2 pages)

Record copy or Block # Related Location of descriptions
report in Fig 7 process and/or examples
Special. Merge Module input 16 CBT/CS/ Appendix F, Figures
(CVALS and FRACTS) CSS Merge F-3 and F-4
ModuTe
Raw combat report 17 CBT/CS/ Appendix F, Figure F-5
CSS/Mearge
Module
Partial combat 18 CBT/CS/ Appendix B, Figure B-7
potentials CSS/Merge  Appendix F, Figure F-6
Module
Final combat 24 Rollup Appendix B, Figure B-6
potentials & Stats Appendix G, Figure G-3
Module
Statistical reports 24 Rollup Undocumented
& Stats
Module
Division comparison 25 Division Appendix H, Figure H-3
Compare
Reporter
Interpolated final 28 Interpo- Appendix I, Figure I-3
combat potentials lation
Module
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Table 3. Key to AFP Runstream Generator
Descriptions and Examples

Block # Related Location of descriptions
Runstream in Fig 7 process and/or examples
Prepare combat 1-8 Combat Annexes I-VI to Appendix D
module input (many) preproc
Prepare CS/CSS input 9 CSHUESS Annex I to Appendix E
preproc
GENMRGSSG/SKEL 16 CS/CSS Annex II to Appendix E
MAINSSG/SKELREP 11 Combat Appendix D, paragraph
MAINSSG/SGS Module D-4
GENMRGSSG/SKEL 16 CBT/CS/ Appendix F, paragraph F-4
CSS Merge
LONGROLLSSG/SKELOPTSX 22 Rollup Appendix G, Section IV
data & Stats
Example only 25 Division Appendix H, paragraph
Compare H-4
Reporter
INTERPSSG/SKEL 26 Interpo- Appendix I, Section IV
lation
Module

(5) Program. The final sections or paragraphs of an appendix or
annex on a module or submodule are usually a description of the correspond-
ing computer program in whole or in part. The description may include a
general discussion, a logic flow diagram, source listing, definitions and
indexing of principal arrays, line-by-line comments, and MAP element, as
appropriate.
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APPENDIX B
THE AFP SYSTEM

B-1. OVERVIEW

a. Figure B-1 presents the AFP system at the level of nondetail usually
sufficient for executives and system users. At that level, the AFP
approach may be viewed simply as a one-time decomposition of combat from
combat support and combat service support, independent one-time processing
within the corresponding modules, and finally a merge of CBT/CS/CSS results
to yield equipment and organizational combat potentials. There is a clue
in Figure B-1 to something more complicated. The term "ROLL UP" within the
MERGE and ROLL UP Module implies that just maybe the results of several
applications of the Combat Module (routinely, 16 distinct executions and
sometimes as many as 160), and the CS/CSS Module (usually only four
executions) must be combined to produce complete estimates of combat
potential for a single friendly and a single threat division and their
constituent equipment. Also from Figure B-1, it appears that an AFP
“customer" need do little else than provide an equipment inventory, sit
back for a while, and then receive results. It also appears that a threat
inventory and sufficient information about item engagement characteristics
are available off-the-shelf just as needed for easy AFP exploitation. Any
such impressions are, of course, gross oversimplications. AFP operators
and programers must face the grim reality of AFPSYS as it really is. That
reality is presented in the following paragraphs and appendices of this
volume. The presentation begins with a (very low) resolution view of
Figure B-1.

TEM WEAPON
HARACTERISTIC ENGAGEMENT
E.G.. SSPKs PREFERENCES &
5 AFP ESTIMATION OF COMBAT POTENTIAL ”
d
W THREAT ITEM COMBAT 1 DIVISION,, |
O | INVENTORY MODULE MERGE & [POTENTIAL =
= ROLLUP MODULE >
S| US DIVISION CS/Css T ITEM Y
o TEM ’I MODULE . POTENTIAL | &
<| INVENTORY
C, CS, CSS
/ ( , R ) \

Figure B-1. A Simplified View of the Analysis of Force Potential
(AFP) System and Its Relation to Customers, Data and Products
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b. Figure B-2 represents the principal parts of the AFP System at
higher resolution in a stylized, compact form. Major input, intermediate,
and output data files are represented. Major program modules and some
utility programs are also shown. In addition, @-symbols key special
runstream generation steps and some of the principal runstream examples.
Names of many principal absolute elements are included. The purpose of
this appendix is to introduce Figure B-2 as a map of the AFP System. The
following paragraphs of this appendix provide examples of the notation and
conventions used and of the kinds of considerations the operator/programer
should keep in mind throughout the remainder of the volume. The following
appendices describe the parts of Figure B-2 in more detail.

11 eSS5G,ABEIK G.MAINSSG/SKELREP,G.MAINSSG/SGS (F)
@START H.GO(F)E(ENV)N (REP1)
1

12 @XQT C.870PREFGEN
PREPARE RANGE | €XQT C.B870RNGDSTGEN
DISTRIBUTIONS @XQT C.PKSGEN
€XQT C.PROJGEN exqr exQT
2 8XQT C.B70MAIN C.BJ0GENKV  C.B70GENAL
D:FALLOC €xQT 8XQT exQT
PREPARE COMBAT ALLOC C.B70REPORT  C.870PRTRV  C.B870PRTKV
PARTICIPATION TTLOS 19 20
FACTORS MODULE 13 QA KV ALLOC
piRAW CBT
3 e [rEsuits REPORT REPORT REPORT
PREPARE Kl ) ] )
CASUALTY FACS 16 eADD|G.GENMRGSSG/SKEL
eADD |G .GOMERGEALL/ (F)R (R}
4 exQT}G . 870CXPS
H. (F)E(ENV) 8ADDJGG.CVALS , FRACTS
p| cs/css CBT/CS/
5 MODULI > css
MERGE D:
PREP. WEAPON ENV16
ON WEAPON - ¢ADD{ G . GENMODSSG/SKEL 22 @ADD G.LONGROLLSSG/SKELOPTSX
PREFERENCES eapnfc.GomoD/ (F) @ADD G.GOROL (F) (R)Z
exQT§G.899CSCSS/MAIN
6 15 @XQT GR.AFPSTATSTRAT/TEST
cs/css 23
PREPARE ARTY o 18 ROLLUP
DATA H.{F)E(ENV)= MODULE T & STATS
D.ADAT5 v ENV )] MODULE
7 10 H
p| cs/css G.BBCAT,RRCAT,
PREPARE FACTORS [~ | ACATS,ADAT1-4
INVENTORIES &% H c 24
RELATED DATA fur : 26 @ADD G.INTERPSSG/SKEL D.
: @ADD G.INTERPOL/ (F) DIV A
8 i  OR ESTART H.GO(F)
H
H 27 @XQT GD.INTERPO
1 D:
9 PRECSCSS2 = iNTERPO- 1]ov s
TACTICAL MiNe/ | [eroTeCT | | LATION
MOVE- Br1DGING| JcounTer-] | posI-- 25 @ADD R.COMPXQT (I1J)
MENT MINE TIONS EXOT G.COMPARE
28 DIVISION
MAIN- SUPPLY COMPARE
C2EW MEDICAL & D: REPORTER
TENANCE | | TRANSERT DIV X

XP3COUNTER .COUNT3 f

{ SEARCH PREPROCESSOR 1

Figure B-2. The Relation Among Principal Data, Modules, Other Components,
and Products of the Analysis of Force Potential (AFP) System
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c. Figure B-2 does not portray a single, unambiguous system entry.
Indeed, scrutiny of the diagram reveals a number of possible entry points.
The ambiguity is intentional. Depending on the task, the system may have
to be entered many times and perhaps at different points. The arrows in
Figure B-2 make it appear that everything necessary may be accomplished in
a "single pass." This is not the correct impression. For the sake of
simplicity, this diagram has been kept free of the several “"loops" usually
required to make full-scale application of AFPSYS.

(1) Estimation of the combat potential of a single division requires
that much of the AFP System be applied at least 16 times, once for each of
the 16 combat environments treated by AFP. In order to achieve greater
statistical significance within each environment and overall, the system
operator may apply the Combat Module several times using different seeds
for the pseudorandom number generator. For exanple, two seeds and, hence,
two executions of the Combat Module, were routine for each environment
through most of the system development and testing. In experimental pro-
duction, 10 replications were performed for each combat environment for
each of two stylized US divisions. Among other things, the 10-seed
approach meant that the Combat Module (.870MAIN, block 12) and CBT/CS/CSS
Merge Module (.870CXPS, block 17) were executed 160 times for each division
considered. Once the 160 (16 environment x 10 seeds) ENV files had been
produced for a division, the ROLLUP & STATS Module, block 23, was executed
only once to produce the combat potentials and statistical analysis for
that division, symbolized as DIV A (block 24) in Figure 3-2.

(2) The AFP system is intended for estimation of the combat
potentials of different divisions. The differences may involye
unmodernized and modernized versions of the otherwise same division. The
differences may involve alternative inventories of weapons at essentially
the same level of technology. Also, of course, there may be interest in
the differences between friendly and threat divisions or among US and
allied divisions. In general, each different division analysis requires
exercise of all or nearly all parts of the AFP System. Hence, interest in
a new division, say the one symbolized as DIV B (block 24) in Figure B-2,
implies generation of some but not necessarily all new data and execution
of the Combat and Merge Modules 16 to 160 or more.

(3) At such time as two or more sets of division potentials have been
developed (represented as D:DIV A and D:DIV B in Figure B-2, block 24),
then the Division Compare Module (.COMPARE, block 25) may be executed to
produce a comparative summary of the potentials of the equipment in two
divisions.

(4) Full system execution with 16 (to hundreds of ) applications of
the Combat and Merge Modules remains more labor and computer intensive than
desired. If two divisions have already been processed and if those
divisions (again let us say they are DIV A and DIV B) are related as
extremes on an inventory continuum, then the AFP Interpolation Module
(.INTERPO, block 27) provides a means to approximate the combat potential
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of an "intermediate" division, say DIV X (block 28), in a few minutes ‘
instead of in several hours of computer time. Division combat potentials

for an evolving division at five different times have been "interpolated"

in roughly 10 minutes, wall time.

d. A runstream to produce results for a single combat environment from
the Combat and Merge Modules may include 150 statements. Sixteen such run-
streams involving critical differences from runstream to runstream are
required to produce results for all 16 combat environments for a single
division. Thus, 2,400 runstream control statements must all be correct to
do just part of the work for a single division. Block 11 in Figure B-2
presents a highly abbreviated reference to one of the utility functions
within AFPSYS. The first statement, @ADD,ABEIK..., invokes an SSG program
that generates all runstreams for the appropriate number of random number
seeds for a division. The second statement in block 11, @START..., is a
generic representation of a statement to start the runs.

e. Blocks 1-8 provide highly oversimplified references to the seven
broad categories of data required by the AFP Combat Module. Over all 16
AFP combat environments, blocks 1-8 may entail generation of hundreds of
thousands of data elements.

B-2. AFP PRODUCT

a. Because the only purpose of AFP 1is to produce estimates of combat
potential, the only AFP product of concern must be combat potentials. The
remainder of this volume should be viewed in the perspective of producing
the intended product. Toward that view, the rest of this appendix is
devoted to a preview of the types and form of AFP products.

b. A1l AFP combat potentials provide estimates of the killing or
casualty-producing capability of equipment or organizations relative to one
or more measures of the resources lost or expended in attaining that
capability. The resource lost may be a weapons platform, a quantity of
munitions, or time. For any one weapon, the resource is just one of these
types. For an organization, because it usually includes many types of
weapons, the organization's potential probably involves all three types of
resource expenditure.

c. AFP combat potentials are expressed in two ways:

(1) The first expression of combat potential is in terms of four com-
ponents. This representation of combat potential is often called the
four-valued or four-vector potential. On option, these components may
include target value weights. If so, the "personnel" component then
includes weighted other weapons (e.g., small arms).

(a) Personnel. The personnel component provides an estimate of
personnel kills and casualties including dismounted troops and the crews or
passengers of weapon- or troop-carrying platforms. In general, the kill or
damage of a target contributes to the personnel component of potential de-
pending on input factors that may vary by both target and shooter. ‘
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(b) Light Armored Vehicles. The second component of the four-
valued potential provides an estimate of killed or damaged equipment,
including the range of Tightly armored vehicles from personnel carriers to
self-propelled artillery and many air defense systems. Witnin the AFP
System, mobility, firepower, and total kills are not differentiated.

(c) Heavy Armored Vehicles. The third component of the four-valuad
potential provides an estimate of killed or damaged tanks of all types.
Mobility, firepower, and total kills are not differentiated.

(d) Aircraft. The fourth component of the four-valued combat
potential provides an estimate of killed or damaged aircraft including both
rotary and fixed wing. As for the second and third components, the types
of kills are not differentiated.

(2) The second form of expression of combat potential is single-
valued. It is often called the scalar combat potential. The scalar
potential is a weighted sum of estimated kills and damage to target
categories. Each of up to 60 target types may correspond to a distinct
target category, but in practice, about a dozen categories seem sufficient.
The weight (or "value") of a target is an input to AFP; it is not a result
derived by the AFP System. Let us be clear about an important distinction.
The values of targets are input. The combat potentials of shooters are
derived by the AFP System but do depend on the input values of targets.
Combat potentials are, in effect, values of shooters. A possible source of
confusion is that most shooters can also be targets. Hence, a weapon may
have one value as a shooter and a different value as a target.

(3) Both the four-valued and scalar forms of combat potential are
frequently presented within a single computer or printed record. Because
both forms so often appear side by side, it has become common to refer to a
five-valued or five-vector combat potential. However, because this
involves nothing more than appending the scalar form to the four-valued
form, there is no need to define a third means of expressing combat
potential.

d. AFP combat potentials are expressed at two levels:

(1) The potentials of a weapon type may be expressed as combat scores
or combat item potentials. The latter are often referred to as CIPs.

(a) A weapon score is the sum of the potentials of all the weapons
of that type within a division.

(b) The potential of a single weapon of given type is the CIP of
that weapon.

(c) If there are N weapons of a given type within a division,

SCORE = N * CIP
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(d) The CIP of a weapon is the same for all weapons of that type
within the division. In other words, the CIP is a mean potential for all
weapons of that type within the division.

(2) The potentials of an entire organization (division) are referred
to as combat organizational potentials or COPs. A COP is simply the sum of
the scores of all weapons within the organization.

e. Taken strictly, the terms "scores," "CIPs," and "COPs" imply that
combat support and combat service support effects have been accounted by
the process called CS/CSS modulation. However, because quantities in the
format of scores, CIPs, and COPs are available at an intermediate stage
before CS/CSS modulation, it has become common practice to save and report
such intermediate values along with the final ones. The terms "unmodu-
lated" and "modulated" have been prefixed to scores, CIPs, and COPs in
order to provide the corresponding, necessary distinctions.

f. Also in strict terms, "scores," "CIPs," and "COPs" refer to combat
potentials weighted over 16 distinct combat environments. However, because
numbers in exactly the same formats appear for each combat environment
before the weighted summation over all environments is performed, it has
become common practice to refer to the results for a single environment as
scores, CIPs, and COPs, too.

g. The foregoing few paragraphs make it clear that AFP provides many
opportunities for confusion in terminology and among computer and printed
records of "potential." To avoid ambiguity, AFP assigns numeric identi-
fiers to combat potential records. An identifier appears in the first
field of each combat potential record. Figure B-3 provides the keys to
safe recognition of all related records. Note that separate identifiers
are provided for friendly and threat records. Note too that there is no
need (or use) for records at divisional level that simply sum CIPs. At
divisional Tevel, only sums of scores are significant.

h. With the preceding several paragraphs as preparation, the reader
should now be prepared for a first look at an example of AFP output at the
very end of the AFP process, that is, following a rollup across all 16
combat environments for a single division and its opposing threat. Figure
B-4 includes two ovals showing where such results emerge in relation to the
total system. The ovals enclose three possible data files. D:DIV A and
D:DIV B emerge as the result of a full system appliication. D:DIV X emerges
at the point where interpolation is possible only because two previously
generated files (A and B) "bound" the inventory of DIV X. The next
paragraph presents extracts from an example file that could be any one of
D:DIV A, D:DIV B, or D:DIV X. However, the results of interpolation do not
include Red side potentials.

i. Figure B-5 displays records extracted from a sample output file of
AFP combat potential for a notional division inventory and the opposing
threat division inventory. Only a subset of the 192 records of the
complete file is shown in Figure B-5. In the example, the first four
components of potential do not include target values (other than 1.0).
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INFORMATION TYPE

" UNMODULATED BLUE
UNMODULATED RED
UNMODULATED BRLUE
UNMODULATED RED

MODULATED BLUE
MODULATED RED
MODULATED BLUE
MODULATED RED

Figure B-3.

SCORE
SCORE
CIP
G0

CAA-D-84-14

AFP OUTPUT
RECORD TYPE IDENTIFIERS
(FIELD 1=ISCNT)

FOR
EACH VISIBILITY,
POSTURE ,DAY/NITE
BY
WPN COP
10 11
20 21
30
40
50 51
60 61
70
80

OVER
ALL VISIBILITIES,
POSTURES,DAY/NITE
BY
WPN CoP
110 111
120 121
130
140
150 151
160 161
170
180

Identifiers of the Principal Type Records (and their
contents) for Partial and Final Combat Potential Qutput

of the AFP System
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11 @SSG,AREIK G.MAINSSG/SKELREP,G.MAINSSG/SGS (F)

@START H.GO(F

JE(ENV)N{REP1)

12 exQT C.870PREFGEN
PREPARE RANGE @XQT C.B70RNGDSTGEN
DISTRIBUTIONS @XQT C.PKSGEN
eXQT C.PROJGEN exQT exQT
2 ©XQT C.B870MAIN C.870GENKV ~ C.870GENAL
D:FALLOC 0XQT 8XQT #XQT
PREPARE COMBAT ALLOC C.870REPORT C.870PRTKV  C.870PRTKV
PARTICIPATION > TTLOS 19 20 21
FACTORS MODULE 13 A KV ALLOC
D} RAW CBT
3 I_, RESULTS REPORT REPORT REPORT
PREPARE = 1 ] 3
CASUALTY FACS 16 eADD]G.GENMRGSSG/SKREL
@ADD]G.GOMERGEALL/ (F)R (R)
4 €XQT]G.870CXPS
- H.(F)E(ENV) @ADDYGG. CVALS , FRACTS
o} cs/css CBT/CS/
5 MODUL1I o css
MERGE D:
PREP. WEAPON ENV16
ON WEAPON vl @ADD]G.GENMODSSG/SKEL 22 @ADD G.LONGROLLSSG/SKELOPTSX
PREFERENCES eapp |Gc.GomMoD/ (F) @ADD G.GOROL(F) (R)Z
8XQT|G.B99CSCSS/MAIN
6 15 @XQT GR.AFPSTATSTRAT/TEST
Cs/Css 23
PREPARE ARTY {,| 18 ROLLUP
DATA H.(F)E(ENV) = MODULE D & STATS
D.ADATS v ENV - MODULE
7 10 2
p| Cs/css G.BBCAT ,RRCAT,
PREPARE FACTORS ACATS,ADAT1-4
INVENTORIES &[" : 4
RELATED DATA | : 26 @ADD G.INTERPSSG/SKEL b,
H @ADD G.INTERPOL/ (F) DIV A
8 : OR @START H.GO(F)
PREP. SENSORS : 27 @XQT GD.INTERPO
2 i}
9 PRECSCSS2 —> | INTERPO- —\.‘;-.. DIV A
TACTICAL MINE/ PROTECT LATION
MOVE- BRIDGING| |COUNTER- POSI- 25 @ADD R .COMPXQT (1J)
MENT MINE TIONS exQT c.ﬁ?mpaaa
DIVISION
MAIN- SUPPLY COMPARE
C2EW MEDICAL & REPORTER
TENANCE TRANSPRT

XP3COUNTER .COUNT3 f

L

SEARCH PREPROCESSOR

Figure B-4.
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FIELD
1 2 3 4 5 6 7 8 9

25. 110 E1 0 0 0 16 991.096 67.506 90.345 .000 21.586 1 11
26. 130 E1 0 0 0 16 4.737 .327 .436 .000 1041112
27. 150 E1 0 0 0 16 990.053 67.287 90.312 .000 21.555 111
28. 170 E1 0 0 0 16 4.779 .325 .435 .000 L1041 11
29. 110 E1 0 0 0 17 524.247 35.921 45.623 .000 11.156 1 11
30. 130 E1 0 0 0 17 4.628 .318 .400 .000 .0981 11
31. 150 E1 0 0 0 17 523.781 35.855 45.722 .000 11.161 1 2 1
32, 170 E1 0 0 0 17 4.621 .317 .401 .000 .088 1 11
33. 110 E1 0 0 0 20 2669.735 157.594 180.532 3.791 51.092 111
34. 130 E1 0 0 0 20 7.892 .473 .538 .011 153111
35. 150 E 1 0 0 0 20 2673.525 157.388 180.920 4.131 51.470 11 1
36. 170 E1 0 0 0 20 8.000 .472 .539 .012 154111
37. 110 E1 0 0 0 26 105.556 4.346 .000 8.111 8.841 1 11
38. 130 E1 0 0 0 26 3.175 .131 .000 .244 .265 111
39. 150 E1 0 0 0 26 107.007 4.320 .000 8.807 9.538111
40. 170 E'1 0 0 0 26 3.218 .130 .000 .264 .286 111

* a

*

*
169. 120 E1 0 0 0 51 3.160 .074 .000 .000 016 111
170. 140 E1 0 0 0 51 .129 .003 .000 .000 001 111
171. 160 E1 0 0 0 51 3.329 .079 .000 .000 017111
172. 180 E1 0 0 0 51 .136 .003 .000 .000 001 111
173. 120 E1 0 0 0 52 45.216 7.383 .013 .000 .902 111
174, 140 E1 0 0 0 52 .741 .121 .000 .000 .0151 11
175. 160 E 1 0 0 0 52 47.456 7.748 .013 .000 .947 1 11
176. 180 E1 0 0 0 52 .778 .127 .000 .000 .015111
177. 120 E1 0 0 0 56 19.989 2.611 .047 .000 335111
178. 140 E 1 0 0 0 56 .169 .022 .000 .000 003111
179. 160 E 1 0 0 0 56 20.952 2.749 .049 .000 352111
180. 180 E 1 0 0 0 56 .178 .023 .000 .000 .003 111

*

*

*
189. 111 E1 0 0 0 0 11916.452 897.693 489.232 103.601 293.738 1 1 1
190. 151 E1 000 0 11919.645 894.350 488.403 112.592 302.274 1 1 1
191. 121 E1 000 O 898.871 184.892 12.760 89.643 112.274 1 1 1
192. 161 E1 00 0 O 975.283 193.200 13.275 106.670 131.446 1 1 1

Figure B-5. Example Extract Records from Sample File of Final
Combat Potentials Produced by the AFP System

(1) Field 1 contains the identifiers corresponding to the keys tabu-
lated in Figure B-3. Note that the file must be a representation of poten-
tial relative to all 16 combat environments because the identifiers are
greater than 100.

(2) Records 25 through 40 present potentials for four Blue or
friendly weapons. Records 169 through 180 present potentials for three Red
or threat weapons. There are four records for each weapon. Records 189
through 192 present the COPs for the Blue and Red divisions; respectively.

(3) The subfields of fields 2 and 9 may be filled with blanks or
zeros. These subfields provide the means to include special identifiers

that may be applied but are not needed if files are carefully named in the
first place.
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(4) Field 3 contains a number corresponding to a specific weapon ‘
type. Although it is not apparent from Figure B-5, Blue and Red weapons
may have the same number. However, because the identifiers in field 1
uniquely specify Blue and Red records, there is no ambiguity with respect
to weapon type.

(5) Field 4 contains the first or personnel component of the four-
valued potential for each weapon or division.

(6) Field 5 contains the second or light armored vehicle component of
the four-valued potential for each weapon or division.

(7) Field 6 contains the third or heavy armored vehicle component of
the four-valued potential for each weapon or division.

(8) Field 7 contains the fourth or aircraft component of the four-
valued potential for each weapon or division.

(9) The literal interpretation of the values in fields 4 through 7 is
as estimates of kills, casualties, or damage given the expenditure of the
corresponding resource (half-life, basic load, or fortnight).

(10) Field 8 contains the scalar combat potential for each weapon or
division.

(11) As noted earlier, because the four-valued and scalar potentials
appear in sequence, fields 4 through 3 are considered together as a five-
valued or five-vector representation of combat potential.

J- The next example of an AFP product is an intermediate result.
Figure B-6 contains an oval enclosing symbols representing similar files
for up to 16 distinct combat environments. If the Combat Module is
exercised M times for each random number seed, then M * 16 files would be
enclosed in the oval within Figure B-6. Figure B-7 presents extracted
records from just one of the 16 (or M * 16) example files so symbolized.
Note that Figure B-7 is very much like Figure B-5. The format is the same.
The values in fields 4 through 8 differ from those in Figure B-5. Such
differences reflect dependence on combat environment and on the uncertain-
ties underlying the stochastic steps in the Combat Module. And of course,
the entries in field 1 differ from those in Figure B-5. Figure B-7
represents a single combat environment; therefore, all the identifiers are
less than 100. Note that entries in the subfields of fields 2 and 9 are
usually not blank or zero. The nonblank, nonzero characters may identify
the specific posture, visibility, and day/night condition to which the file
corresponds. In Figure B-7, the first four components of partial
potentials do not include target value weights (other than implicit 1.0s);
however, an AFP option permits weighting of those entries by target values.
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11 #S5G,AREIR G.MAINSS5G/SKELREP,G.MAINSSG/SCS (F)
$START W.GO(F)E{ENV]IN(REP])

12 EXQT C.870PREFGEN

1
PREPARE RANGE 8XOT C.870MNGDSTGEN
DISTRIBUTIONS . EXQT C.PRSGEN
0XQT C.PROJGEN oexqr QT
2 #XQT C.OT70MAIN C.0T70GENRY C.870CGENAL
D1FALLOC o@Qr =>QT L3
PREPARE COMBAT ALLOC C.8TOREPORT C.870PRTIRYV C.8TO0PRTRV
PARTICIPATION TTIOS 19, 20, 21,
FACTORS MODULE 13 ALLOC
RAW CBY

PREPARE

ASUALTY FACS 18 @ADD{G.GENMRGS5G/EREL
CADDIG.GOMERGEALL/ [F)R (R}
IXOTIG. 870CXPS

N IFIRFENY) GADDYGG. CVALS , FRACTS

i

PREPARE S5PKS L]

WI-I“

PREF. WEAPON
ON WEAPON
PREFERENCES

L]

22 OADD G.LONGROLLSSG/SRELOPTSX
SADD G.GOROL(Y) (R}

G, R

#XQT GR.AFPETATSTRAT/TEST

€
R/
r=1 ]
B (r)R{ENY). ML
D.ADATS
7 10
Cy/Co8 S WBTAT JRRTHRT,
PREPARE PACTONS ACATS , ADAT1-4
INVENTORIES &
RELATED DATA Ny 26 GADD G.INTENPSSG/SKEL

PADD G.INTERPOL/ (P}
OR ESTARY W.GO(T)

27 @XQT GD.INTERPO

D1
v PRECSCSS? » L 1INTERPO- DIY B

TACTICAL| RINE/
movE- DR IDG I M JCOUNTER -
NENT RINE

HAIN- sterLY
caew REDICAL ] Dt
TENARCE TRANSPR DIV X

LATION

23 EADD R.COMPXOT(1J)
-CDHPARE

AP ICOUMTER ,COUNT

F

BZAMCH PREPROCESSOR 1

Figure B-6. Point Within the AFP System at Which Partial
Combat Potentials Are Produced

FPIELD
1 2 3 4 5 6 7 [ ]

17. 10EB 111116 1191.458 84.925 113.229 26,959 111
18, 30E3 11116 S.784 .412 .55 2131111
19. 508111116 1197.489 85.355 113,802 27.096 111
20, 708111116 5.811 .44 . JA321 11
22, 102111117 644.042 47.542 48.500 13,075 1 11
22. 0 E111117 5.776 426 .43 JA17111
23, S6R111117 647.302 47.7102 48.746 13141 111
2¢. 70ELY 11117 . .43 10111}
25. 10E1111 20 3252.010 234,271 345,906 83.696 111
26, 30E1111 20 9.8 710 1.048 L2541 11
27, s0E111120 3272.702 235.457 347.657 84.554 111
28. 7081111 20 9.917 714 1.054 .256 111
29. 10E1111 28 118,500 6.625 .000 9.006 1 11
30. 0E1111 26 31.703 .207 -000 .281 111
1. S0®K1111 26 120.453 6.659 .000 9.732 111
32, 0EB1111 26 3.764 .208 2000 3042011

.

.

.
157. 20E1111 51 1.70% .000 .000 .000 111
158, 40 E 1111 51 .059 .000 -000 000 111
159. 60 B 1111 5] 1.780 .000 .000 .000 111
160. 80 E 1111581 .061 .000 .000 .000 111
16}, 20e811 11 52 51.161 6.395 .000 .000 111
162. 40E111152 .839 105 .000 .000 ‘111
163. 60E1111 52 53,3717 6.672 .000 .000 111
164. 60B 1111 52 -875 .109 .000 .000 111
165. 2081111 56 21.396 1,297 .800 .000 111
166. 40 E 1111 56 .1 .011 .000 .000 111
167. 60 E 1111 56 22.322 1.353 .000 000 111
168, BOE 1111 56 .189 .011 -000 .000 111

.

.

.
177. 11 E 1111 0 16413.689 1193.812 704.285 112.000 373,358 111
178. S1 B 1111 0 16494.70% 1197.939 705.834 122.042 384.262 111
179, 21 E1111 0 1652.358 180.632 13.746 125,153 148,850 1 11
180. 61 E1111 0 1144.605 187.630 14.106 150.793 175.517 111

Figure B-7. Example Extracts Records from Sample File of Partial
Combat Potentials Produced by the AFP System
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APPENDIX C
KEY TO AFP PREPROCESSOR DESCRIPTIONS

C-1. OVERVIEW. The AFP System consists of many processes: computer pro-
grams, runstream generators, runstreams, and input, intermediate, and out-
put data. Among all processes and programs, AFP draws somewhat arbitrary
distinctions between major and minor modules. This short appendix provides
a key to those minor modules considered preprocessors. In AFP terms, a
preprocessor does not identify something preliminary to AFP. Instead, a
preprocessor is part of AFP but involves something preliminary to a major
module. Figure C-1 presents the standard view of the AFP System as dis-

played in many other appendices of this document. The major modules are
labeled:

a. Combat Module

b. CS/CSS Module

c. CBT/CS/CSS Merge Module

d. Rollup and Stats Module

e. Interpolation
C-2. PREPROCESSOR KEY. Table C-1 Tlists the AFP preprocessors and the
locations of the principal corresponding descriptive material within this
documentation. Many descriptions include material on the related data,
both input and output, of preprocessors. Any one preprocessor may consist
of more than one computer program. Runstream generators have not been

included among the AFP preprocessors. The AFP System's runstream
generators are separately keyed in Appendix K.
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DATA H.(F)E (ENV) = MODULE D: |- & STATS
D.ADATS v ENV 7] - MODULE
7 10 H
p| cs/css G.BBCAT,RRCAT,
PREPARE FACTORS ACATS ,ADAT1-4
INVENTORIES &[" H 24
RELATED DATA l H 26 @ADD G.INTERPSSG/SKEL D.
H @ADD G.INTERPOL/ (F) DIV A
8 OR @START H.GO(F)
PREP. SENSORS H 27 @XQT GD.INTERPO
v D:
9 PRECSCSS2 » 1 {NTER PO- DIV B
TACTICAL MINE/ PROTECT LATION
MOVE-~ BRIDGING] }COUNTER- POSI- 25 @ADD R.COMPXQT (1J)
MENT MINE TIONS oXQT G.C'OMPARE
28 DIVISION
MAIN- SUPPLY COMPARE
C2EW MEDICAL & D: REPORTER
TENANCE TRANSPRT DIV X
XP3COUNTER .COUNT3 f
{ SEARCH PREPROCESSOR |

Figure C-1. The Relation Among Principal Data, Modules, Other
Components, and Products of the Analysis of ‘
Force Potential (AFP) System
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Table C-1. Key to Preprocessor Descriptions

Block # Parent | Location of main description
Preprocess(or) in Fig C-1 | module or other related material
Prepare range 1 Combat Annex III to Appendix D
distributions
Prepare participation 2 Combat Annex V to Appendix D
factors
Prepare casualty factors 3 Combat Annex IV to Appendix D
Prepare SSPKs 4 Combat Annex VI to Appendix D
Prepare weapon on 5 Combat Annex II to Appendix D
weapon preferences
Prepare artillery data 6 Combat Annex I to Appendix D
Annex VIII to Appendix D
Prepare inventories and 7 Combat Annex I to Appendix D
related data
Prepare sensor data 8 Combat Annex I to Appendix D
PREFGEN 12 Combat Annex VII to Appendix D
RNGDSTGEN 12 Combat Annex VII to Appendix 0
PKSGEN 12 Combat Annex VII to Appendix D
PROJGEN 12 Combat Annex VII to Appendix D
PRECSCSS 9 CS/CSS Annex I to Appendix £
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APPENDIX D
AFP FIREPOWER AND COUNTERFIREPOWER MODULE

D-1. OVERVIEW

a. Purpose. This appendix and its annexes are intended to help clarify
many of the concepts applied within the AFP System, especially in the AFP
Firepower and Counterfirepower Module. Although the AFP Firepower and
Counterfirepower Module represents little more than detection and the ex-
change of fire, the module, for the sake of brevity, is usually labeled the
"Combat Module." The relation of the AFP Combat Module, and its pre- and
postprocessors, to the AFP System in general is portrayed in Figure D-1.

(1) The AFP Combat Module is a computer program for estimating kills
achievable by the weapons of two opposing sides under very special circum-
stances. By the usual definitions, the Combat Module is not a combat model
or a combat simulation. However, the Combat Module does involve the appli-
cation of some data and techniques of the kinds typically applied in combat
modeling and simulation. To a modest degree, the Combat Module does repre-
sent many of the aspects of combat addressed in most combat models and sim-
ulations. Final products of the AFP System are measures of the static
combat potentials of equipment and units. Although heavily "static" in its
emphasis, the AFP System in general, and the Combat Module in particular,
do not completely disregard battlefield time. The AFP treatment of time is
much less sophisticated than would be required if the AFP System were to
produce "dynamic" measures of combat potential.

(2) The AFP approach decomposes the military battlefield in several
ways. Detection and firing are separated from other combat and the combat
support and combat service support (CS/CSS) operations and functions. This
separation led to the development of the separate Combat Module and CS/CSS
Module within the AFP System. Such separation forced development of a
third module, the CBT/CS/CSS Merge Module, to then combine the results of
the Combat and CS/CSS Modules. Detection and firing were further decomposed
in several ways leading to a special hierarchical representation. Many of
the steps and elements involved in and resulting from this process have
been given their own names and definitions. The names are old words with
new meanings. The old words were chosen to be suggestive, but inevitably,
some of the names suggest too much and others suggest too little. Terms

involving or implying time tend to be particularly awkward because of the
primarily "static" nature of AFP.
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Figure D-1. The Relation of the AFP Firepower and Counterfirepower
Module and Its Pre- and Postprocessors to the
AFP System in General ‘
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(3) The developer of a combat model, a combat simulation, or an AFP
System has to figure how best to carve up or decompose the battlefield whole
into Togically separable parts. Part of the decomposition usually involves
invention of a scheme of taxonomy or categorization. Because of many kinds
of limitations, the developer usually accepts fewer than the "ideal™ number
of categories and then struggles to fit enormous variety into too few cate-
gories. The combat analyst's art is very much involved with choosing neces-
sary and sufficient categories. The categories must balance the often con-
flicting demands of specificity and generality. And the assignments of
particular entities must satisfy everyone as reasonable--no entities fall
between categories and no entity belongs in two or more categories at the
same time--everything maps uniquely and correctly.

b. Detection and Firing Engagements. The Combat Module must permit
weapons to engage one another as both shooters and targets. There are only
two ways in which weapons may engage targets within the Combat Module: as
direct firers or as indirect firers. The basic engagement is a direct fire
engagement. A direct fire engagement lasts an AFP "day."

(1) A direct fire engagement is one in which one or more direct fire
weapons of a single given type engage one or more opposing direct fire
weapons of a single given type. In AFP terms, if weapons of each of 10
different types engage opposing weapons of each of 10 different types on a
given day, then 10 x 10 = 100 distinct engagements would be generated. In
usual AFP practice, something less than 100 engagements would occur because
of a type-on-type preference and allocation scheme that may preclude some
pairings of weapon types. There may be too few weapons of some types to
generate a full set of nonzero engagements. Although preferencing,
participation, and allocation steps precede engagements in the Combat
Module sequence, these processes are not described until after many of the
features of engagements have been introduced. Even though the Combat
Module must allocate specific numbers of weapons to engagements before the
engagements begin, it is the author's choice to describe engagements first
as though weapons allocation has already occurred. This is partly to
emphasize first those aspects of the Combat Module closest to the killing
of targets--the only way that weapons can earn combat potential. This
emphasis helps demonstrate the importance of the earlier allocation
process. The allocation of too many superior weapons to an engagement can
"deny" those weapons full opportunity to earn potential if the weapons run
out of targets early. The allocation of too few weapons to an engagement
may cause them to be destroyed largely as the result of a locally adverse
force ratio. Even though the formal allocation process is described much
later, the reader is invited to begin to think about the two-sided problem
of balancing weapon allocation among possibly hundreds of different
weapon-type-on-weapon-type engagements.

(a) The case of 10 TOWs and 15 T-62 tanks firing at one another
comprise a permissible engagement. It is an ordinary direct fire
engagement in that each weapon must detect a target before firing.

(b) Two M-1 tanks firing at one unarmed command vehicle also define
a permissible engagement, even though that command vehicle cannot be a
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shooter. Every "direct fire" platform is a target, even though it may be a ‘
weaponless platform. Nevertheless, AFP still refers to such platforms as

direct fire weapons because they are subject to the normal direct fire pro-
cessing logic of the Combat Module. Again, all AFP direct fire weapons are

always targets but are not always shooters.

(c) Six (Blue) 155mm howitzers and six (Red) 122mm howitzers firing
at one another are also a permissible "direct fire" engagement--though of a
special kind. Counterbattery fire is considered direct fire in AFP terms.
A counterbattery engagement is special in that a weapon does not "detect"
before firing. It is assumed that the firing mission has been defined and
given beforehand, i.e., it is assumed that detection occurred sometime be-
fore the engagement begins. Weapons opposing one another in the counter-
battery version of direct fire engagements are both shooters and targets.

(d) The case of 10 TOWs and 10 T-62 and 5 T-64 tanks firing at one
another cannot be a permissible single AFP engagement because the Red side
consists of two different weapon types. "10 - X" TOWs versus 10 T-62s and
"X" TOWs versus 5 T-64s are permissible as two separate direct fire engage-
ments.

(e) Direct fire weapons, then, may be any of the usual small arms,
free AT rockets, ATGMs, tanks, IFVs/CFVs, aircraft, CLGP, fire-and-forget
rockets, tube AAA, SAMs, and counterbattery assigned artillery.

(f) Direct fire engagements usually are complicated by having
"indirect fire" fall upon them. The mortars and artillery (both tube and
rocket) not engaged in direct fire (counterbattery) missions may fire on
the full range of direct fire engagements including counterbattery direct
fire engagements. If the Blue side possesses 10 types of indirect fire
weapons and the Red side also possesses 10 types of indirect fire weapons,
then 20 different types of indirect fire weapons may all fire on a single
direct fire engagement in which only two types of direct fire weapons are
permitted to fire. In this extreme case, the Combat Module manages the
fire of 22 weapon types in a single "direct fire" engagement. The direct
fire weapons shoot only at one another; they do not fire at the indirect
fire weapons. The indirect fire weapons are totally "immune" in this role;
they can kill but cannot be killed. This concept, permitting indirect fire
weapons to fire upon the direct fire engagements, extends to the counter-
battery direct fire engagements. In this special case, the extreme permits
(for the above example) only a maximum of 20 weapon types to fire. However,
two of those types may be firing in two senses--as counterbattery and as
indirect weapons. Any one weapon, of course, cannot be both a counterbat-
tery and indirect firer in that engagement. Some weapons of its type fire
exclusively in the counterbattery role; some other weapons of that type
fire exclusively in the indirect role. Both the counterbattery and indirect
fire weapons may kill the counterbattery weapons; but, as usual, no one can
kill the indirect fire weapons (until perhaps, on another "day," some of
them become assigned counterbattery roles). The weapons in the counterbat-
tery role are both shooters and targets in the counterbattery version of
direct fire engagement. The weapons (which may be of the same .
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types as those in the counterbattery role) in the indirect fire role are
shooters but not targets in the counterbattery (as well as the normal)
version of direct fire engagements.

(2) The direct fire engagement is not the smallest combat action
represented within the AFP Combat Module. The next smaller action is
called a "conflict." And the action next smaller than a conflict is called
a "duel." An AFP duel is the smallest combat action at which direct fire
is represented. In a sense, a duel is the basic building block of AFP com-
bat representation. AFP may take liberties with the term "duel." The
standard definition limits fighting to two persons or parties. AFP duels
may generalize the classic one-on-one encounter all the way to a 50-on-1
extreme. (That extreme is an alterable program parameter.) In review, an
engagement may consist of one or more conflicts; and a conflict may consist
of one or more duels. In the AFP scheme of things, engagements are decom-
posed into duels, duels are distributed by range and environment, and all
the duels at a given range in a given environment are combined as a con-
flict. Conflicts and duels are described at greater length in the follow-
ing paragraphs. A conflict cannot last longer than an input-specified
maximum time (2.01 minutes is the standard maximum). The survivors of a
conflict may fight one another again in another conflict on that day at the
same range in the same environment. Provided that there continue to be
survivors, conflicts can continue on that day to an input-specified maximum
number (four conflicts is the standard maximum). Survivors may be assigned
to different opponents, ranges, or environments only at the beginning of a
following "day."

(3) The weapons allocated to a direct fire engagement may not all
find their way into duels. Some weapons may be lost to other (nonengage-
ment) causes as "external losses" imposed in accord with input-specified
factors. Weapons not lost may be diverted or delayed in accord with
input-specified participation factors. With allowance for external losses
and nonparticipation, suppose net quantities of m Blue and n Red weapons
(each of single type) assigned to an engagement are available for assign-
ment to duels. The m and n weapons are grouped by the Combat Module into
min{m,n) distinct duels. This is an AFP rule not an international rule of
engagement. That is, there are as many duels as there are weapons on the
less numerous side. In AFP terms, in an S:1 duel (S weapons opposing one
weapon), "S" is called the "odds class" of the duel. Inasmuch as there are
to be as many duels as there are weapons on the less numerous side, the
less numerous side provides the "1" in every S:1 odds class. For any pair
of numbers, m and n, there need be no more than two odds classes.

(a) Let q

INT(max(m,n)/min(m,n))

r = max(m,n) - g x min(m,n)
g and r are both integers.

(b) There need be, at most, the two odds classes: gq and (g+l).
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(¢c) The number of duels at q:1 is (min(m,n) - r).
The number of duels at (g+l1):1 is r.
Clearly, the second of these numbers may be zero.

(4) Once the number of duels by odds class has been determined, the
duels must be distributed by range and environment. In all work to date,
only one environment per Combat Module run has been represented. Each com-
bat environment of interest forced a separate Combat Module run. For the
rest of this description, it is assumed that there is always only one com-
bat environment per Combat Module run. Then the duel distribution problem
reduces to one of distribution to six ranges. The standard AFP practice is
to Timit direct fire shooting engagements to the first five ranges: 250,
500, 1,000, 1,500, and 2,500 meters. The sixth range, well beyond 2,500
meters, is reserved as a "deep area" subject only to indirect fire against
mid- to rear-area targets. Figure D-2 presents a graphic representation of
the standard range protocol. The symbols represent tank-on-tank engagements
with the usual indirect fire. The figure oversimplifies indirect fire in
the sense that indirect fire, much as for direct fire weapons, must be dis-
tributed by range. For all possible direct fire versus direct fire weapon
type engagements, input to the Combat Module specify the intended fractional
distributions of duels by range for each type-on-type pairing. The duels
previously assigned to the, at most, two .odds classes are distributed
roughly in proportion to the input-specified fractions by range. Only
whole duels are distributed. This means, for example, that a solitary duel
can be assigned to only one range leaving five ranges unoccupied. Such a
solitary duel would be assigned to the range with the largest fraction
within the input distribution. In the event of equal fractions (ties), a
duel is assigned to the shorter (or shortest) range with that fraction.
tach odds pool is distributed independently of the other. If two odds
pools contain exactly one duel each, both of these duels will be assigned
to the same range band. Now suppose an odds pool contains two duels.
Again, tied fractions are broken by assignments to shorter before longer
ranges. The first duel is assigned as already described. The second duel
is assigned to the range with the second highest fraction. Obviously, an
odds pool must contain at Teast six duels before each range can receive at
least one duel. The fractional range distributions are input as two-place
decimal values. Thus, something seemingly as innocent as a "“uniform" dis-
tribution may produce surprises. Six equal nonnegative two-place decimal
fractions cannot be made to total 1.0. In practice, input for the
so-called uniform distribution consists of four 0.17s and two 0.16s. The
shortest range with 0.17 receives singleton duels. For very large engage-
ments with dozens of duels in each odds class, the result of distributing
duels comes close to the input-specified distribution. Once the duels have
been distributed by range, all the duels at a given range comprise a con-
flict, with an obvious maximum of six "simultaneous" conflicts, one for
each range. From one conflict to the next on the same day, survivors must
remain at their starting ranges, but survivors may be shifted between odds
classes at the fixed range.
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Figure D-2. AFP Standard Ranges of Engagement

(5) For an ordinary (noncounterbattery) direct fire duel, detection
or an input-specified number of opponent's shots must precede any firing by
a direct fire weapon. At the beginning of the duel, the Combat Module
“draws" a detection time "at random" for each direct fire weapon from a
detection distribution. For the detection time to be finite, the potential
shooting weapon must be able to resolve a target. This means that the po-
tential shooter's detection system must be able to achieve at least an
input-specified number of resolvable cycles for the given target size in
the given posture and under the given seeing conditions. A weapon gets one
detection draw per target up to an input-specified maximum number of tar-
gets within the duel. The distribution is implemented within the Combat
Module by a subroutine developed by Night Vision Labs as part of its
detection/acquisition modeling. Arguments of the detection routine include
target size, range, brightness, contrast, attenuation, and sensor type.
With other arguments being equal, the more numerous side almost always
should have the weapon with the shortest detection time, and hence, get off
the first shot. The expected minimum of S draws (S > 1) is less than the
expected minimum of fewer draws (from the same distribution) whenever the
distribution has nonzero variance. Within broad practical limits of re-
solvable cycles, the detection routine is rather insensitive to target
size. In AFP practice, the outnumbered side in a duel is usually in defen-
sive positions and should, in principle and if equipped with the appropriate
sensors, make the vast majority of first detections. For sufficient resol-
ution, the routine returns a time-to-detect. Nondetection is flagged.
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(6) Notice how time has crept into the Combat Module even though it
is not a combat model or combat simulation. "Statics" is about to receive
yet another temporal shock. The shooting sequence is important enough to
real combat outcomes to force attention to shot sequencing into the Combat
Module. The Combat Module depends on a sequencing index. (Perhaps no one
will notice that a sequencing index is really just time by another name.)
The events in the sequence are direct fire shots or bursts masquerading as
"stages" or a little more openly as the critical events in "shot cycles."”
In general, the underlying times between consecutive stages are not equal;
so the sequencing index is not a fixed time unit after all.

(7) How long should a conflict last? Input to the Combat Module im-
poses one limit: an actual time limit, typically 2.01 minutes. (That 0.01
minute is there to avoid some awkward counting problems that have never
been observed but remain a theoretical worry. The 0.01, though, may be a
cure for a nondisease.) The Combat Module does keep book against that max-
imum time. But it also keeps book on shot cycles. Before shooting begins,
the Combat Module computes a permissible number of shot cycles within the
conflict.

SHOT CYCLES = T * (1/R(INF) + MAX(S1,S2)/R(SUP))

where
T is the maximum time of a conflict
R{INF) is the refire time of the weapon in use by the
numerically inferior side
MAX(S1,S2) is the larger, nonempty odds class
R(SUP) is the refire time of the weapon in use by the

numerically superior side

A1l of which simply gives an estimate of how many direct fire rounds would
be fired if no weapon were killed and if firing occurred at the mean refire
times. Weapons may be killed and refiring times are drawn from a log-normal
distribution with the result that the computed SHOT CYCLES alone often does
not Timit duels to maximum time duration T. Even without kills, duels at
the smaller odds class would tend to exceed the time 1imit T. These are

the principal reasons that the Combat Module keeps book on both shot cycles
and time. At most, only one direct fire round (or burst) is fired per shot
cycle. If no direct fire weapon has detected a target, no direct fire shot
is taken, and no "time" elapses against maximum direct fire time. (Indirect
fire may occur on the direct fire cycle even though no direct shot is taken.)

(8) The direct fire weapon that shoots first in a duel is the one
with the shortest drawn or arbitarily set detection time. That weapon
shoots at the first shot cycle, which "occurs" in real time, at the detec-
tion time. The round (or burst) has zero flight time. The SSPK of the
weapon/round combination is compared with a randomly drawn number to .
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determine whether a kill occurred. If a kill occurred, a randomly chosen
"Tive" target is tallied as a kill. That target cannot detect or shoot
evermore. A refire time is drawn for the weapon that just fired; that in-
crement is saved for reference in determining at which later shot cycle
that weapon gets to fire again if it is not killed in the meantime. Before
the current shot cycle is completed, weapons which have not yet detected a
target again have detection times drawn from the detection distribution. A
successful detection puts that weapon in line to fire at a later shot cycle.
A nondetection leaves the weapon flagged as unable to fire; it will get
another chance at detection in the next shot cycle. A weapon that has not
detected a target by the input-specified nth shot by an opposing side is
then assumed to detect (n is weapon specific). Notice that the weapon that
just fired may draw a very short refire time from the refire distribution.
If its refire time is short enough, it may capture the next shot cycle and
fire again before any other weapon fires. 1In the "long" run, weapons with
shorter mean refire times as input will draw shorter refire times from the
distribution and capture more of the shot cycles than will equal numbers of
slower firing weapons. On the other hand, very numerous slow firing weapons,
by their sheer numbers, get many draws from their refire distribution with
the increased chance that one of the weapons will draw a short time and
thereby capture an early shot cycle. Both for detection and refire times,
sheer numbers of weapons increase the chance that some of them may preempt
time from technically superior but numerically inferior weapons. During a
single shot cycle, all the duels of a conflict are processed. Although the
sequence index is the same for all the duels, each duel may be at a differ-
ent clock time at that cycle. Notice that the probability distributions
for detection and refiring are referenced in ways that depend on the numbers
of weapons and the results of prior drawings. The net effect should be for
the shots by both sides to interweave (subject to chance) properly over the
shot cycles. Although direct fire ceases in a duel if all of one side's
weapons are lost, the shot cycles continue in order that indirect fire con-
tinue to be represented. As noted above, indirect fire weapons may fire at
the dueling direct fire weapons. Weaving indirect fire into the direct
fire shot cycle sequence is the subject of the next paragraph.

(9) The current version of the AFP System in general, and Combat
Module in particular, permits up to 10 types of indirect fire weapons per
side to fire on the two weapon types of a normal or counterbattery version
of a direct fire engagement. Each of the 20 indirect fire weapon types may
have a refire time different from the rest. Hence, the Combat Module must
be capable of interweaving 20 different indirect fire rates within the
framework of direct fire cycles. Some indirect fire weapons may fire more
rapidly than either of an engagement's two direct fire weapon types. Of
course, some indirect fire weapons may fire more slowly than the direct
fire weapons. And if the direct fire weapons fire at different rates,
there may be some indirect fire weapons which fire at intermediate rates.
ATl three of these cases may apply within a single direct fire engagement.
Indirect fire is latched to the normal direct fire shot cycles. Whereas
only one direct fire shot is permitted per direct fire cycle, indirect fire
weapons of a type may fire zero, one, or more volleys within a single direct
fire shot cycle. An indirect fire weapon type with refire times
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longer than the average time between direct fire shot cycles is permitted
to fire only every R(IND)/R(DIR) shot cycles. Inasmuch as this ratio is
not necessarily an integer, some compromise has to be made by the Combat
Module. An indirect fire weapon with refire times shorter than the average
time between direct fire shot cycles is permitted to fire R(DIR)/R({IND)
times per shot cycle. This ratio, too, is not necessarily an integer; so
again some compromise is necessary. In principle, an indirect fire weapon
does not fire its first shot until its input-specified refire time has
elapsed. However, an indirect fire weapon with refire time less than or
equal to the mean time between direct fire shot cycles will be latched to
fire on the first direct fire shot cycle. But because the first direct
fire shot depends only on detection time and not the direct fire/refire
time, the "time" to the first indirect fire shot(s) may be much shorter
than the mean indirect refire time. In fact, if no direct fire weapon has
detected a target on the first direct fire shot cycle, no direct weapon
will fire nor will any direct fire time elapse. Thus, in the extreme, one
or more volleys by an indirect weapon type may occur without so much as the
first tick of the "direct fire clock." For all known weapons, this anomaly
may be of theoretical interest, but it is not a practical concern.

(a) Consider 1:1 direct fire duels with mean refire times of 1.9
minutes for each of the direct fire weapon types. Also consider an indirect
fire weapon type with a mean refire time of 1.5 minutes. Let the conflict
duration be 2.0l minutes. Combat Module logic will assign two shot cycles
to the duel. The implied average time between shot cycles is 2.01/2 = 1.005
minutes. Because 1.005 minutes is less than the indirect refire time of
1.5, the indirect fire weapons do not fire on the first shot cycle. The
implied time of the second shot cycle is greater than 1.5 minutes; there-
fore, the indirect fire weapons do fire on the second shot cycle. The
"real" time of the second shot cycle may be much less than 1.5 minutes;
nevertheless, the indirect fire weapons do fire on the second shot cycle.
The net effect of all these times is that the indirect fire weapons of the
assumed type fire once during the conflict.

(b) Consider the above example with one change. Now let the refire
time of the indirect fire weapons be 0.9 minutes. There are still just two
direct fire shot cycles with the implied average time of 1.005 minutes be-
tween them. But because 0.9 minutes is less than 1.005 minutes, the indirect
fire weapons fire on the first shot cycle. And because 2 x 0.9 is less
than 2 x 1.005, the indirect fire weapons also fire on the second shot cycle.
The net effect of all these times is that the indirect fire weapons of the
assumed type fire twice during the conflict.

(c) Next consider the first example with a different kind of change.
Suppose the duel occurs at 2:1 odds. Refire times remain unchanged. The
Combat Module logic now assigns three shot cycles. The implied average
time between direct fire shot cycles is now 2.01/3 = 0.67 minutes. The
input-specified refire time of the indirect fire weapons is 1.5 minutes.

The implied time of the first shot cycle is 0.67 minutes. Because 0.67 is
less than 1.5 minutes, the indirect fire weapons do not fire on the first
shot cycle. And because 2 x 0.67 is less than 1.5 minutes, the indirect
fire weapons do not fire on the second shot cycle either. Yet, on the
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third shot cycle, 3 x 0.67 is greater than 1.5 minutes; thus, the indirect
fire weapons do fire on the third (the last) shot cycle. The net effect of
the interweaving of all these implied and real times is that the indirect
fire weapons fire only once during the conflict.

(d) Finally, consider the second example with one change. Suppose
the duel occurs at 2:1 odds. As in the third example, the Combat Module
assigns three shot cycles with the implied average time between shot cycles
of 0.67 minutes. The input-specified refire time is 0.9 minutes. The im-
plied time of the first shot cycle is 0.67 minutes; because this is less
than 0.9 minutes, the indirect fire weapons do not fire on the first direct
fire shot cycle. Because 2 x 0.67 is greater than 0.9 minutes, the indirect
fire weapons do fire on the second direct fire shot cycle. And because 3 x
0.67 is greater than 2 x 0.9 minutes, the indirect fire weapons fire again
on the third shot cycle. The Combat Module logic is such that two, and
exactly two, volleys are fired even if the conflict has 10 shot cycles; of
course, the cycles on which the volleys are fired does depend on the number
of shot cycles.

(e) The examples just described may seem like separate, unrelated
conflicts of more theoretical than practical concern. Rounding to integral
numbers of indirect fire volleys is a practical requirement and may be ex-
pected to induce some differences in the number of rounds fired from engage-
ment to engagement. But as just shown, it is possible for the number of
volleys to change between conflicts within the same engagement. An early
conflict may involve entirely 1:1 duels. Attrition in the early conflict
may cause a later conflict on the same day to occur at 2:1 (or higher
odds). A change in the odds class changes the number of shot cycles and
can (but usually does not) change the number of indirect fire volleys. In
the example above, the odds increased in the "later" conflict. An example
in which the odds decrease can be contrived just as easily. The point is
that the number of indirect fire volleys may change upward or downward or
may remain the same for conflicts on the same day within a single type-on-
type engagement. Such changes are primarily artifacts of Combat Module
logic for latching indirect fire to direct fire shot cycles. That logic is
a potential source of variation in AFP results largely unrelated to the
usual issues addressed in comparing weapons and units. The bottom line:

BE CAUTIOUS.

(10) Consider a direct fire shot cycle with indirect fire latched to
it. Because of the possibly different refire times of different indirect
fire weapon types, Tess than all indirect fire weapon types are likely to
be eligible to fire in this direct fire shot cycle. Or, if noneligibility
to fire is considered to be eligibility to fire zero rounds, then each in-
direct fire weapon type is "eligible" at each direct fire shot cycle.

Within a shot cycle, indirect firing is processed before the direct firing.
Each indirect fire weapon type is considered in turn. Each of the previously
assigned (the assignments are not described until later) indirect fire
weapons of that type fires its "eligible" number of rounds: zero if its
refire time ratio to the direct refire times does not "hit" this shot cycle,
one round if the refire cycles match, more than one round
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if the indirect weapon is a rapid firer. A1l assigned weapons of that
indirect fire weapon type fire their eligible number of rounds, say E
rounds each. The net effect, if there are A assigned weapons, is for
weapons of that type to fire E volleys of A rounds at the beginning of the
otherwise direct fire shot cycle. Each such round is credited with an
input-specified fractional kill capability K. Thus, the assigned indirect
fire weapons of the type under consideration are "expected" to kill A x E x
K =T targets. Usually T is not an integer. INT(T) kills are assessed
directly against the targets within the conflict. INT(T) pointers to duels
within the conflict and to targets within the duels are generated. If the
target "pointed to" had not been killed previously in an earlier or this
shot cycle, it is flagged as killed, and a kill is credited to the indirect
weapon type. If the target "pointed to" had been killed previously, no
credit for a kill is given, and the round is, in effect, wasted. In one
sense, INT(T) is a deterministic number of kills with only the identity of
the victim(s) to be determined. But as just explained, there is an element
of uncertainty inasmuch as there may be fewer that INT(T) live targets.

The fractional part, if any, of T must be assessed. Let T' =T - INT(T) be
the fractional part of T. Recall that only whole targets can be killed and
credited. T' is compared with a randomly drawn number to determine whether
1.0 or 0.0 kill is to be attempted to be credited. There is obviously no
need to attempt to credit 0.0 kill. However, an attempt to assign 1.0 kill
may succeed or fail. A pointer to a conflict and duel is generated random-
ly; if the pointer points to a live target, a kill is flagged and credited;
if the pointer points to a killed target, no kill is credited. Indirect
fire weapon types are processed in numerical index order. The first type
has the greatest opportunity to score kills in the sense that following
types may face fewer live targets. Fortunately, most of the indirect fire
weapons yield such small T values that "who shoots first" is more of a
theoretical than practical concern. But note that all the indirect fire
kills are taken off the "top" in a shot cycle, possibly reducing the
opportunities for the direct fire weapons to score kills, and thereby earn
combat potential. Again, the small T values of typical indirect fire
should only rarely deny opportunity to the direct fire weapons by killing
them or their targets "prematurely." Even after one side's direct fire
weapons have been killed (by indirect or direct fire of their combination),
indirect fire will continue to latch on following shot cycles. Thus, a
surviving side may continue to receive indirect fire and suffer losses
until SHOT CYCLES is reached. Indirect fire is not Timited by MAXIMUM
TIME. In principle, indirect fire should stop at MAXIMUM TIME, but book is
not kept on time after the direct firing has stopped. The preceding dis-
cussion is keyed to indirect fire falling on direct fire duels in the first
five ranges where direct fire weapons may fire on one another on shot
cycles. At the deep range, the so-called direct fire weapons do not fire
on one another; hence, indirect fire is latched to artificially generated
shot cycles.

c. Weapon Preference and Allocation. The preceding paragraphs have
described many of the features of direct fire engagements given the numbers
of engaging direct fire weapons and the numbers of indirect fire weapons
firing on the direct fire weapons. This paragraph describes the processes
by which those supposedly "given" numbers are determined. The underlying

D-12



CAA-D-84-14

problem is very close to ones frequently described as assignment or alloca-
tion problems--so close that it seems useful to borrow some of the terms
and illustrations of that field. The description also has a bit of game
theoretic flavor, even though the Combat Module itself does not.

(1) Suppose a sort of two-sided game in which one side possesses two
kinds of resources (U and V), and the other side possesses two kinds of
resources (X and Y). Let there be a game board divided into quarters
marked 1, 2, 3, and 4.

Game board or
matrix

I 2

8 4

Side 1 may put some of U in cell 1 and some in cell 2. Side 1 may put some
of V in cell 3 and some in cell 4. Side 2 may put some of X in cell 1 and
some in cell 3. Side 2 may put some of Y in cell 2 and some in cell 4.

Allocation matrix

Ul,x1 uz,y2

V3,X3 V4, Y4

ATl quantities must be nonnegative, and they should satisfy some simple
relations.

Ul + U2 < = UTOT
V3 + V4 < = VTOT
X1 + X3 <= XTOT
Y2 + Y4 <= YTOT

i.e., neither side may assign more of a resource than it has in total.

(2) Next suppose that Side 1 earns points in accord with some
formula:

S1 = QL(UL,X1) + Q2(u2, Y2) + Q3(V3,X3) + Q4(v4,Y4)
and that Side 2 earns points in accord with some formula:

S2 = RI(U1,X1) + R2(U2,Y2) + R3(V3,X3) + R4(V4,Y4)

(3) Presumably, Side 1 would like to assign its resources (i.e., pick
the values Ul, U2, V3, and V4) in a way that gives high assurance of
achieving a good score S1 for itself but with some regard for the score S2

achieved by the other side. And presumably, Side 2 would like to assign
its resources (i.e., pick values X1, X3, Y2, and Y4) in a way that gives
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high assurance of achieving a good score S2 for itself but with some regard
for the score S1 achieved by the other side. Game theorists know how to
make these assignments provided some very special circumstances apply. In
AFP those special circumstances do not apply. Nevertheless, the AFP Combat
Module must make resource (weapon) assignments in cases with up to 60 kinds
of resources for each side, implying up to a 60 x 60 game board. In AFP
terms, a side may assign only one type of direct fire weapon to a cell, but
it may assign all of its indirect fire weapon types to a cell. There is no
AFP assignment/allocation algorithm for maximizing a side's combat potential
much less while simultaneously minimizing the opponent's combat potential--
or vice versa--or both together in a two-sided min-max sense. Nevertheless,
there is an AFP algorithm that does make all the assignments. More accurate-
ly, there are two algorithms, one for direct and another for indirect fire
weapon assignment/allocation. The most that is ever said for the algorithms
is that they usually lead to "reasonable" allocations. And in those cases
where allocation results are objectionable, the AFP customer is invited to
suggest better rules--hardly a trivial matter.

(4) Consider again the four-celled game board appropriate for the
special case in which each side possesses only two types of resources. And
for the time being, suppose that there are equal (or standard) quantities
of all resources. Then, it seems helpful to think in terms of "preferences."

Fractional preference matrix
p(U,X),p(X,U) p(U,Y),p(Y,U)
P(V,X),p(X,V) p(V,Y),P(Y,V)

p(U,X) represents Side 1's "fractional preference" to have resource U
engage Side 2's resource X. p(X,U) represents Side 2's fractional prefer-
ence to have resource X engage Side 1's resource U. A1l p()'s should be
nonnegative. For ordinary direct fire weapons, it is intended that:

p(U,X) + p(u,Y) = 1.0

For the special counterbattery version of direct fire, the corresponding
relation is:

p(U,X) + p(U,Y) = f(U)< 1.0

with the implication that (1.0 - f(U)) x UTOT of weapon type U will be as-
signed to the indirect fire role. At first, it may seem satisfactory to
Tet, for example (here again assuming ordinary direct fire):

Ul = p(U,X) x UTOT
In the case where weapons are equal in quantity, this simple expression may
be sufficient. But the allocation method should also produce reasonable

results under some other special cases. If XTOT = 0, then Side 1 should
let U1 = 0. In other words, do not waste weapons by assigning them to
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cells empty of opponents. Also, if Side 2's weapon X is a greater killer
of Side 1's weapon U, Side 1 must be prevented from escaping free simply by
choosing p(U,X) = 0. Consider the generalizations to handle these special
cases in reverse order.

(a) The first generalization is intended to provide some recon-
ciliation of two sides' differences in preference. The intent is to force
at least some "reluctant" weapons to engage difficult opponents and to
preclude at least some "eager" weapons from engaging easy targets. This is
accomplished by modifying fractional preferences in such a way that two
different preferences move half-way toward their mean value. For example:

p'(U,X)

( mean ) + (half the difference from mean)

0.5(p(U,X) + p(X,U)) + 0.5(p(U,X) - 0.5(p(U,X) + p(X,U)))

0.75p(U,X) + 0.25p(X,U)

Incidentially, this expression is correct whether p(U,X) is greater than,
equal to, or less than the mean of p(U,X) and p(X,U). It is also the mean
of the original preference with the mean of the two original preferences.

p'(U,X) = 0.5(p(U,X) + 0.5(p(U,X) + p(X,U)))

The result of performing this step for all cells will usually lead to a
relation:

p'(U,X) + p'(U,Y)<>1.0 (or<>f(U) in the general case)

Therefore, the first modified preferences are modified again by renormaliz-
ing them to yield the original totals. For example:

p"(U,X) = (p'(U,X) x £(U))/(p'(U,X) + p'(U,Y))
The renormalized, modified preferences satisfy:
p"(U,X) + p"(U,Y) = f(U)

The Combat Module performs these steps for up to 60 weapon types on each
side.

(b) The second generalization makes allocation depend not only on
the fractional preferences but also on the opponent's inventory quantities.
The intent is to allocate more than the simple fraction of one's weapon
type if the opponent has more than "average," and to allocate less than the
simple fraction of one's weapon type if the opponent has less than the
“average" number of the type in question. This is why it was suggested
that the original fractional preferences be thought of in the special con-
text of equal numbers (or standard numbers) of weapons. Analysts seem to
waver between notions of equal and standard numbers of opponents as they
“fill in the blanks" on a fractional preferences input forms. Whatever
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those analysts' feelings were during input data generation, the Combat
Module adjusts for opposing inventories; for example:

(p"(U,X) x XTOT)

Ul = UTOT x

(p"(U,X) x XTOT) + (p"(U,Y) x YTOT))

(p"(U,Y) x YTOT)

Uz = UTOT x

(p"(U,X) x XTOT) + (p"(U,Y) x YTOT))

These allocations have many of the intended properties.
1. Ul + U2 = UTOT

2. The renormalized, reconciled fraction preferences p"() are

used

3. If there is no opposing weapon (e.g., if XTOT = 0), none of
resource U will be allocated to engage it

4. If the original fractional preferences have been picked with
an underlying notion that all types of opposing weapons were equal in number
(i.e., XTOT = YTOT = ATOT), the expression, for example, for Ul above be-
comes:

(p"(U,X) x ATOT)
Ul = UTOT x

(p"(U,X) x ATOT) + (p"(U,Y) x ATOT))

p" (U,X)
Ul = UTOT x

p"(U,X) + p"(U,Y)
where for the usual direct fire weapons
p"(U,X) + p"(U,Y) = 1.0
yielding the original "“intuitive" form
Ul = UTOT x p"(U,X)

Hence, the generalized procedure includes the original special case.
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(5) The allocated weapons need not all get into conflicts. As noted
later, the numbers allocated may be reduced as the results of external
losses or participation factors less than 1.0.

(6) 1In general, application of the allocation procedures described so
far does not yield integers. Therefore, the Combat Module includes addi-
tional steps. The integral parts of allocations are left "in place." The
fractional parts are redistributed in integer parts to the engagements in
order of descending size of the former fractional parts.

(7) The allocation of indirect fire weapons is similar to the process
described above for the direct fire weapons. For indirect fire weapons,
fractional preferences and participations are input as a single combined
number--one for each direct fire weapon (target) type. One constraint is
relaxed, however. The same indirect fire weapons may be considered to fire
on different engagements because different types of direct fire weapons may
be collocated within the same target area even though the Combat Module has
artificially segregated all direct fire weapons into pure-type-on-pure-type
engagements: conflicts and duels. Recall that some weapons of indirect
fire type may be unavailable as indirect firers because they have been
treated as counterbattery (i.e., special direct fire) weapons. As usual,
the early steps of allocation may produce numbers that are not pure inte-
gers., The Combat Module includes logic to distribute fractional parts so
that only integral numbers of indirect firers are finally allocated.

(a) Not all of the indirect fire weapons should fire on every en-
gagement cell involving the given type of direct fire weapons. If Wl weap-
ons of a total of WT weapons of the direct fire type have been allocated to
engagement cell 1, then only W1/WT of the indirect fire weapon type are
allocated to cell 1. The fraction W1/WT is determined during execution of
the Combat Module. At this stage, (W1/WT), of the indirect fire weapons
have been allocated to engagement cell 1. The Combat Module distributes
those indirect fire weapons across ranges in proportion to the input-speci-
fied range distribution for each corresponding indirect fire weapon type.
If a fractional number of indirect fire weapons is assigned to a range, the
number is rounded up or down stochastically in proportion to the fractional
part of the assignment.

(b) The indirect fire weapons assigned to fire on engagement cell 1
do so under the assumption that rounds fall within a doctrinal target area
against targets at doctrinal densities. The preprocessor derived
fractional kills per round for this assumption. As the first conflict of a
day runs its course, some of the direct fire weapons may be killed by
direct or indirect fire weapons. The killed weapons remain within the
implied array, thereby maintaining target densities consistent with the
assumptions. Hence, it is appropriate to continue to use the same
fractional kills per round and the same number of direct fire weapons
throughout the first conflict. The Combat Module continues to distribute
hits in accord with the original densities but does not give credit for
killing the same target more than once. If subsequent conflicts occur on
the same day, the Combat Module removes all targets killed in the preceding
conflict. One effect is to reduce the target density below that assumed
during the original
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derivation of the fractional kills per round input to the Combat Module. ‘
The Combat Module continues to use the same fractional kills per round
throughout all conflicts during a day. However, the Combat Module compen-
sates by reducing the number of indirect fire weapons firing on the ensuing
conflicts. The factor W1/WT defined above is generalized such that Wl
represents only the survivors of the preceding conflict. Although the ad-
justment is made to the number of indirect fire weapons assigned, the result
is equivalent to having made the adjustment to the fractional kills per
round. One systematic error does remain, however. No attrition occurs to
the indirect fire weapons during the course of a Combat Module day. The
counterbattery fire weapons are attrited during the course of a day, but
such attrition cannot affect the number of indirect fire weapons until the
beginning of the following day.

d. Census Space Formalism

(1) The "normal viewpoint" for considering the estimation of AFP com-
bat potential is that of an observer of the census of up to 120 weapon
types: up to 60 Blue types and up to 60 Red types. Column A of Table D-1
represents the initial number of m Blue weapon types by the symbols x0(1),
x0(2),...,x0(m) and the initial numbers of n Red weapon types by the sym-
bols y0(1), y0(2),...,y0(n). Together these symbols define a point in a
census space of (mtn) dimensions. Column A can be considered the position
vector of the starting point for a run of the AFP Combat Module.

Table D-1. AFP Combat Potential Estimation in "Census Space"

Col A Col B Col C Col D

x0(1) x1(1) (1-F)x0(1) X1'(1)
x0(2) X1(2) (1-f)x0(2) x1'(2)
x0(m) x1(m) (1-F)x0(m) x1' (m)
y0(1) y1(1) yl'(1) (1-f)y0(1)
y0(2) yl'(2) yl'(2) (1-f)y0(2)
yo(n) yl(n) y1'(n) (1-f)y0(n)

(2) Column B of Table D-1 represents the numbers of weapons remaining
or surviving at the end of a run of the AFP Combat Module. Column B can be
considered the position vector for the ending point of a Combat Module run.
The Combat Module does not generate much more information than the equiva-
Tent of Columns A and B. (Actually, the Combat Module does produce the ‘
equivalent of Columns A and B for each "day" of a Combat Module run.
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And because the module decomposes combat into weapon-type-on-weapon-type
duels, information about the starting and ending points for duels is also
available. However, this section formally introduces decomposition in later
paragraphs. For the time being, the reader should wait patiently for
decomposition to appear in logical order.)

(3) One of the problems faced in estimating combat potential is to
make the measure of potential depend on both enemy and friendly losses.
The losses generated in an AFP Combat Module run are given by the differ-
ence between Columns A and B of Table D-1 as the ordinary vector difference
A-B. Some analysts favored making combat potential a weighted sum of se-
lected elements of the vector A-B. It was clear that the result of such a
computation would, in general, depend too strongly on the number of "days"
examined in an AFP Combat Module run. A result so strongly dependent on a
number of "days" was objectionable on the grounds that the measure retained
to much time-like flavor to be considered a static measure. Also, static
or dynamic, no one offered a sound basis for picking the "correct" number
of days. Although not necessarily objectionable, the fact that the side
whose potential was being estimated generally lost different fractions of
its weapon types did seem to confuse interpretation of the resulting meas-
ure. To have unequal fractional losses for all or nearly all weapons on
both sides makes division or force comparisons that much more confusing.
Letting both the numerators and denominators of exchange-like ratios float
implied an unspecified standard of comparison. The need to consider, at
least in part, exchange-like ratios arose with the commitment to treat both
Tosses inflicted and losses suffered.

(4) The concepts and operations described in this and the following
subparagraphs are applied in the AFP CBT/CS/CSS Merge Module, not in the
Combat Module. The Column B vector in Table D-1 represents a point in cen-
sus space in which all surviving strengths correspond to a single instant
in Combat Module "time," the end of the last module "day." That point is a
natural one in the sense of the Combat Module. There are other natural
points in census space--natural from other points of view. One such point
is the one representing an estimate of Red (y) surviving strength given
that exactly (1-f) of each Blue (x) weapon strength survives, i.e., the
point for which all Blue coordinates are of the form (1-f)x0(i) for i=1 to
m. The obvious question is, "What are the corresponding Red (y) coordi-
nates yl'(j) for j=1 to n of the point?" The position vector of this
point is represented in Column C of Table D-1. In general, the coordinates
y1'(j) must be functions of the coordinates (1-f)x0(i). The combat poten-
tial (without CS/CSS modulation) for the entire Blue force (symbolized as
BCOP) ;s then calculable as follows (with v(j) the assigned value of target
type j):

BCOP_=

& v(3) (¥0(3) - y1' (35(1-F)x0(1),(1-F)x0(2),...,(1-f)x0(m)))
j=1,n
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This formula is simply the weighted difference between the y portions of ‘
the vectors in Columns A and C. As yet, nothing has been revealed about

the form of the functional dependence of the yl' on the fixed coordinates
(1-f)x0(1); two families of functional forms are presented in paragraph

D-le. An important assumption of AFP is that the foregoing expression for

BCOP can be decomposed as follows:

BCOP =
20 v D (0(3,1) - yl'(§, 15 (1-F)x0(i)))

j=1l,n i=l,m

The decomposition reflected in this expression corresponds to the way in
which the AFP Combat Module decomposes total combat into engagements be-
tween single types of direct fire weapons. The generalized notion splits
the total of y-type j y(j) into components, into the portions engaging
Blue type i y(j,i). Similarly, x(i,j) represents the portion of Blue type
i engaging Red type j.

(5) CS/CSS modulation involves multiplying the terms in the preceding
expression by the moduli appropriate to the particular weapon type i and j
pairings. The modulated Blue COP is symbolized as BMODCOP and is calcu-
lated in accord with the following expression:

BMODCOP =
ZE: v(J) :E: (BCSCSS(1,3))  (¥0(3,1) - y1'(J,15(1-f)x0(i)))

j=1,n i=1l,m

(6) The determination of unmodulated and modulated Red COPs is per-
fectly symmetrical with that for the Blue COPs above. The corresponding
expressions may be generated by replacing "B" by "R" and exchanging y and x
wherever they appear above. In census space, the operation corresponds to
taking the difference between the x portions of the vectors in Columns A
and D of Table D-1.

(7) The unmodulated Red COP is given by (with u(i) the assigned value
of target type i):

RCOP =
;E: u(i) (x0(i) - x1'(i;(1-f)y0(1),(1-f)y0(2),...,(1-F)y0(n)))

(8) Decomposition of the foregoing expression to correspond to the
AFP module's weapon-type-on-weapon-type duels yields:

RCOP =
2 (i) 2o (x0(1,3) - K1 (1,53(1-F)y0(3)))
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(9) Modulation of the unmodulated Red COP requires inclusion of the
CS/CSS moduli corresponding to the specific j and i type weapon pairings.

RMODCOP =
EE: u(i) EE: (RCSCSS(J,1))  (x0(i,3) - x1'(1,3;(1-f)y0(])))

i=1l,m Jj=1,n

e. Some Examples for Two-dimensional Vector Fields

(1) The AFP Combat Module is based, among other things, on an assump-
tion that combat in a census space of up to 120 dimensions may be decomposed
to a satisfactory degree of approximation as independent direct fire duels
(with some intrusion by indirect fire) in up to 3,600 two-dimensional sub-
spaces. At its most fundamental level, AFP combat analysis reduces to the
consideration of highly specialized, two-dimensional vector fields. The
AFP Combat Module generates a single estimate of exchange ratio for each
day for each two-dimensional, type-on-type engagement. In this discussion,
indirect fire is ignored for purposes of simplifying the basic explanation.
The fundamental data describe just two points in the two space. The start-
ing point of an engagement is represented by the ordered pair: y0, xO.

The ending point of an engagement is represented by the ordered pair: yl,
xl. Hence, yl and x1 simply represent the surviving strengths at an engage-
ment's end. Then the gross exchange ratio is simply: (y0 - yl)/x0 - x1).
The AFP Combat Module does not extend or shorten an engagement to force any
particular fractional lifetime engagement on either side. That is, both

(yO - y1)/y0 and (x0 -x1)/x0 are unconstrained apart from the obvious re-
quirement that yl>= 0 and x1>= 0.

(2) The current AFP method imposes a fixed fractional lifetime (or
Tifespace) point at which to estimate combat potential. All combat poten-
tials are estimated for a fixed fraction:

f = (x0 - x)/x0 = (x0 - {1-f)x0)/x0
for the x side. A similar rule applies to the y side:
f = (y0 -y)/y0 = (y0 - (1-f)y0)/y0

Current AFP work applies f = 0.50, i.e., atten<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>