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PREFACE

This report describes the latest version of Rand's highly aggre-
gated TAGS ground-air conflict computer model. The present versionm,
which greatly expands the ground-warfare logic previously available in
TAGS, nbw permits consideration of reserve forces, individual and unit
replacements, repair capabilities, prepared defenses, and several types
of‘terrain. Recent modifications have also improved the prior SAM and
counter-SAM logic and have provided for additional options in the air-
base attack representation. The present description and user's guide
is complete in itself; it does not depend upon the previously published
descriptions of earlier versions. The model itself has been used most
recently in an Air Force Project RAND activity to conduct exploratory
sensitivity analyses of interest to the office of the ACS/Studies and
Analysis (AF/SA). -

A description of the majority of the recent model improvements in-
cluded in this version of TAGS, as well as sample results, was briefed
to AF/SA and to the Deputy Undersecretary of the Army (Operations Re-

search) and members of their staffs.
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SUMMARY

The version of the TAGS model described here is the latest modifi-
cation of a highly aggregated computer model of ground-air warfare that
was originally developed in the early 1950s for Rand studies of military
conflict in the European theater. The ease with which TAGS can be used
and its high computational speed make it an appropriate tool for a variety
of applications; TAGS should be especially useful for preliminary explor-
ations of broad parametric variations, prior to the use of more detailed
(and costly) analytic aids. Furthermore, provisions have been incorpor-
ated at several places in TAGS that permit the model to be "fine-tuned"
(calibrated) so that it can emulate Ehe results of more highly detailed
models.

TAGS simulates ground and air activities on a day-to-day basis.

The ground units in TAGS are defined in terms of homogeneous division
equivalents. Reserve forces, individual and unit replacements, repair
capabilities, prepared defenses, and several types of terrain may be
represented. A major battle area may be represented as either one or
several independent ground sectors, and the user controls the day-to-day
allocation of close air support to the individual sectors. The forward
edge of the battle area (FEBA) moves as a unit and is viewed as the aver-
age movement of either the entire theater front or as that of one of a
few major sectors. The air forces consist of several types of aircraft
that are allocated among six different missions: air defense, air-base
attack, interdiction, close air support, counter-SAM, and escort. This
latest version of TAGS includes a variety of special provisions such as
options for operating aircraft from sanctuaries, for protecting aircraft
in shelters, and for examining the operation of battlefield nuclear fir-
. ing units.

The TAGS input parameters fall into three categories: (1) force
size and effectiveness factors, (2) aircraft allocation decisions, and
(3) empirical factors that characterize the nature of the battlefield
and the casualties and movement in ground warfare. Most of the model
parameters can be changed as a function of the value of any other param-

eter during the course of the conflict, thus enabling allocations,
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augmentations, and effectiveness factgrs to be changed as a function of
time or when triggered by operational factors. A special feature of TAGS
is that any model parameter can be specified as having an uncertain value.
If this is done, a series of trial combat simulations are computed, with
éach trial using sample values from specified probability distributions
for each uncertain factor; the results include a statistical summary of
the joint effect of the several uncertain factors.

This report contains instructions for operating the model, a list-
ing of the input requirements, and a listing of the important program
nomenclature. Programmed in FORTRAN IV, TAGS is currently operating on
Rand's IBM 370/158; a single campaign of 30 days' duration consumes

1 1/2 to 4 sec depending on the complexity of the options that are used.
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1. INTRODUCTION

This TAGS (Theater Air-Ground Study) model is the latest modifica-
tion of a computer model of theater warfare originally developed in the
early fifties for Rand studies of tactical forces in the European the-

6B

ater. The original air-battle logic was extensively revised and

expanded in 1965 for use in a special Rand study prepared at the request
of the Joint Chiefs of Staff Special Studies Group.(z)
In 1971, the advantages associated with the highly aggregated battle
representations that are characteristic of TAGS led to its use as the
basis for development of a ground-air warfare model in which uncertain-
ties as to the values of various performance factors could be taken into

(3)

account explicitly. Still further modifications and additions to the

air-battle logic were introduced in 1972 and the model was again docu-

(4)

mented at that time. Subsequently, further air-battle changes were

introduced for use in a study comparing alternative future NATO forces.(5’6)
Most recently, the ground-warfare portions of the model have been augmented
with a totally new, and substantially more sophisticated, set of represent-
ations. These most recent changes were suggested by the increasing empha-
sis within the services and 0SD on the influence of individual and unit
replacement policies, unit recuperation and/or cannibalization, and equip-
ment damage and repair capabilities. Further changes and improvements have
also been introduced into the air-warfare logic, including provisions
that will permit TAGS to be "fine-tuned'" (calibrated) so that it can emu-
late the results of more highly detailed models; these features will be
found both in the ground-warfare and air-warfare logics. An example of
calibration with an earlier version of the model is discussed in Ref. 6.
This report presents a brief description of all aspects of the cur-
_ rent version of TAGS. Instructions for operating the model are given in
Appendix A. A listing of the required inputs and the definitions of the
basic data arrays are presented in Appendices B and C, respectively.
Appendix D éontains lists of the internal notation for the major new
ground-warfare subroutines. A copy of the complete program may be ob-

tained on request; the extensive use of comments during the recent
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revisions should also help to minimize the difficulties in becoming fully
familiar with TAGS logic and its various approximations. Programmed in
FORTRAN IV, TAGS is currently operating on Rand's IBM 370/158. A single
30-day campaign takes about 4 sec on this computer system when the more

complex options are used.



II. GENERAL DESCRIPTION

TAGS is a highly aggregated model that relies on simplified abstrac-
tions of elements that are treated in greater detail in more comprehensive
models of theater warfare. The tactical theater involves two forces with
their respective air and ground forces. The ground and air activities
are assessed on a day-to—-day basis. Figure 1 provides a schematic repre-
sentation of the forces and types of operations included in the model.

In contrast to many highly aggregated theater-level models that place
primary emphasis either on ground combat or on air warfare, TAGS treats
both to about the same extent. TAGS also provides a unique feature that
permits explicit examination of the joint impact of the uncertainty in
many of the factors that influence both ground and air warfare.

Each side has a zomne of interior that is inwvulnerable to tactical
aircraft. Aircraft replacements, ground-force reinforcements, and supplies
are drawn from this zome. The theater itself contains the ground forces,
their supply lines, and the tactical airfields. Geography is not repre-
sented. explicitly.

The ground forces are defined in terms of homogeneous division slices;
although no distinction is made between armored or mechanized divisions
and infantry divisions, the actual force strength is reflected as normal-
ized armored-division equivalents (ADE). The supply system is primarily
a rail network, supplemented by a highway net.

Each air force consists of three classes of aircraft that may be
assigned to air defense or to five air-offense missions:* (1) counter-
airfield attack, (2) interdiction, (3) close air support (CAS), (4)
counter-SAM (CSAM), and (5) escort. Aircraft allocations are controlled
by the analyst; they are not established internally by any pseudo-optimi-
‘zation procedure. Aircraft sortie rate is a function of the type of

=
In one particular case, assignments are also permitted to the re-

connaissance mission.

+In actuality, the user has two basic air allocation options; in the
original, and simpler option, there are just three classes of aircraft
that may be allocated in whatever manner the user desires among the six
missions. With the more recent option, more aircraft types may be repre-
sented but there are certain restrictions as to their assignments, as
will be explained.
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mission. A level of maintenance and repair facilities is assumed such
that a constant fraction of the current aircraft inventory is combat-
ready.

In the counter—airfield mission, offensive strikes are made against
aircraft parked in shelters or in the open when shelters are unavailable
or insufficient. The number of sheltefs available is a function of air-
craft class. Attacking aircraft are subject to attrition by airfield
defenses. No consideration is given to the effects of damaged airfield
facilities and airfields are not subject to overrun by the ground battle.*
Certain of the aircraft can be on airfields that cannot be attacked by
enemy aircraft, either because of range or scenario assumptions. The
number of such "sanctuary' aircraft is a function of aircraft class.

The interdiction mission attempts to disrupt and delay the flow of
supplies and ground reinforcements of the enemy in reaching the front-
line area. The CAS mission has two primary effects. First, it produces
casualties in the ground-combat force, and second, it can influence the
movement of the forward edge of battle area (FEBA) as a result of dis-
rupting communications and coordination, restricting maneuverability,
and having generally adverse psychoiogical effects on troops. Counter-
SAM missions are designed to destroy area-deployed SAMs in a rollback
operation that clears corridors for subsequent deep penetrations by air-
craft on interdiction, counter-airfield, and escort missions, and/or to
destroy SAMs dispersed in the forward CAS zone. Escort sorties reduce
the effective number of enemy air defense sorties.

Several options are provided for the representation of ground com-—
bat. The more recent (and more sophisticated) options permit consider-
ation of reserves, daily individual replacements, unit breakdown,
withdrawal and recuperation, battle damage and repair, and intra-theater
transportation delays. Provisions are also included for representing
‘prepared defenses and several types of terrain, and for expressing FEBA
motion and ground-force casualties as functions of these battlefield
characteristics.

%
An approximate method for removing this limitation is provided by

the LOSEAF subroutine, but that routine is logically limited to use in
a one-sector war.



The ground forces defend against the offensive air strikes by means
of antiaircraft fire and SAMs. Each ground force is composed of a number
of identical divisions,* each of which may be assigned both short~ and
long-range battlefield nuclear fire units.

The FEBA moves as a unit and may be viewed as the average movement
of the entire theater front; alternatively, the theater may be considered
to consist of several sectors, with the ground combat for each analyzed
as an independent operation.f In the latter case, the user controls the
assignment of CAS to the several sectors.

The input parameters for TAGS compriée three categories: (1) force
size and effectiveness factors, (2) aircraft allocation decisions, and
(3) empirical factors that characterize the nature of the battlefield and
the casualties and movement in ground warfare. Most model parameters
can be changed as a function of the value of any other parameter, so that,
for example, air~ and ground-augmentation rates and air allocations to
various missions can be altered over time to meet various conditions.
Thus, changes can be scheduled either in a predetermined manner as a func-
tion of ‘time or triggered by changes in operational factors.

Another feature of the model is that most model parameters (that are
to remain fixed throughout a conflict) can be specified as having un-
certain values; if this is done, a series of trial combat simulations are
computed. Each trial uses sample values from specified probability dis-
tributions for each of the uncertain factors, and the results include a
statistical summary of the joint influence of the several uncertain factors.

The ease with which TAGS can be used and its high computational speed
make it an appropriate tool for a variety of applications. One especially
useful role is for preliminary exploratory work, as a guide prior to the
use of more detailed computational aids. With TAGS ome can quickly explore
the ramifications of various force allocations and obtain preliminary

*
In our current work, ground forces are represented as an equivalent

number of U.S. armored divisions, using firepower scores (or other single-
valued measures of strength).

+A1though there is no firm upper limit on the number of sectors that
may be treated, computer costs (that are proportional to the number of
sectors) and the implied level of resolution suggest that a more detailed
model be chosen with more than 6 to 10 sectors.



notions as to how various force increases or reductions will affect
overall force performance. In addition, the special features that permit
evaluation of the joint impact of multiple uncertainties can be used to
obtain unique insights into expected force performance.

The following sections describe the major parts of TAGS: Section

IIT, air warfare; Sec. IV, ground warfare; and Sec. V, supply.



III. AIR WARFARE

The primary focus of all prior versions of TAGS has been on the
air war. Although the version developed for our analyses last year(6)
substantially extended the air portion of the basic model, TAGS-V, the
modifications were designed so as to use the original computational
routines without changing the basic structure that provided three air-
craft classes for each participant; this expedient approach to modifi-
cations has also been followed in making the more recent changes. As

a result, the current model structure for the air war is a patchwork of
expedient additions, whereas the new ground-war structure reflects a
more or less unified design. This complicates both the explanation and
the use of the air-war portions of TAGS; if it were not for the fact
that the present version provides a relatively rich representation of
the air war, and one that functions correctly, there would be a strong
temptation to restructure the air—war portion of the program (assuming
time and budget permitted) with, say, ten types of aircraft per partic-
ipant and with completely flexible allocation.

~ The changes to the TAGS-V air-war logic have been of two basic
kinds. One set of changes was created to increase the number of dis-
tinguishable aircraft types that may be specified for each participant;
the other set was introduced to broaden the treatment of air defense
operations. Both sets are discussed below. As with (essentially) all
of the recent modifications to both the air and the ground logic, the
use of these changes to the air logic is optional; the air-war logic
will revert to that retained from TAGS-V if the input parameter A(330)*

is set to zero rather than unity.

*INCREASING THE ALLOWABLE NUMBER OF AIRCRAFT TYPES

Virtually all of the complexities that are referred to above are
the result of changes made to permit an increase in the number of dis-

tinguishable aircraft types. In the original model, each side's aircraft

*
Two one-dimensional arrays, A and B, are used for almost all input
data; see the appendices for a complete explanation.
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consisted of just three distinct classes--fighters, attackers, and
bombers--and all of the basic inputs and computational routines were
structured accordingly. Each of these three classes could be allocated
to any or all of six different missions on a day-to-day basis and each
had distinct performance characteristics for these missions.

In an effort to treat more types of aircraft, a special set of sub-
routines was created that is designed to accept a differently structured
set of input data and to transform those data, appropriately reorganized,
into the form required by the basic computational routines. With the
option that uses these new subroutines, each aircraft class is considered
to be composed of several distinct types of aircraft--a total of 10 types
for Blue and 7 types for Red. Furthermore, each type of aircraft is
restricted as to the missions to which it can be assigned. When this
{optional) version is used, one inputs the fraction of each class repre-
sented by each of the several types, and the model then allocates each
type to a specific, preassigned (coded) mission, with only a few—--but
very important--exceptions.

In operation, these new subroutines assign each aircraft type to
its preassigned mission by specifying that the allocation of the rele-
vant aircraft class to that mission is equal to the fraction of that
class represented by that type of aircraft. In several cases, the user
can allocate aircraft of the same type to two or more missions, using
auxiliary control variables. 1In these and other instances, when two or
more aircraft types of the same class are used on the same mission, an
average mission effectiveness value is derived by specifying additional
perforﬁance factors and then weighting the effectiveness values by the
quantities of the different aircraft types; this average value is then
used in the basic computational routines. Daily reinforcements, which
are handled by class in the basic routines, also require special treat-~
ment in order to distinguish which type is to be reinforced. The con-
straints on aircraft employment that result from these various modifi-
cations and reinterpretations are outlined in Table 1. The primary
disadvantage of this approach, other than the mission restrictions, is
that daily losses to the several aircraft types that comprise an air-
craft class are shared equaliy among the several types in proportion to

their numbers (with only one exception--Blue bomber losses).
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Table 1

AIRCRAFT EMPLOYMENT CONSTRAINTS IN
THE CALCB AND CALCR SUBROUTINES

Typea Daily
(Internal Reinforcements
Class Designator) Mission Options Specifiable?
Blue
Fighter AF1l Air defense, escort Yes
AF2 Close air support, CSAM, inter-
diction Yes
AF3 Air defense Yes
AF4 Unassigned (i.e., ground alert) No
Attacker AAl Close air support Yes
AA2 Air-base attack, close air
support, CSAM, interdiction Yes
AA3 Close air support Yes
AAL Reconnaissance No
Bomber AB1 Air-base attack Yes
AB2 Air-base attack, close air
support, CSAM, interdiction
(reconnaissance)b Yes
Red
Fighter BF1l Air defense . Yes
BF2 Air defense, close air support,
CSAM, interdiction Yes
BF3 Close air support Yes
Attacker BAl Air defense® Yes
BA2 Air-base attack, close air sup-
port, CSAM, interdiction
(reconnaissance)b Yes
Bomber BB1 Air-base attack Yes
BB2 Close air support, CSAM,
interdiction Yes

%The A prefix alludes to Blue and the B to Red following the basic

notational scheme adopted for the input arrays.

F, A, and B designate

fighter, attacker, and bomber; it is important to note that the actual
aircraft type represented by these designations need not fit the normal

image of a "fighter,

b

or a "bomber,

" etc.

An input-specified fraction of the CAS sorties may be treated as
though they are actually reconnaissance sorties; they are used in con-

junction with the reconnaissance operation

logic.

in the battlefield nuclear

“Red attacker aircraft may, optionally, be treated as (a) two air-
craft types—-BAl and BA2--with the noted mission options or (b) one
aircraft type with all four mission possibilities.
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Special Options for the Use and Assigmment of Aircraft

In normal model operation, aircraft assigned to bases in sanctuary
are not at risk to air-base attack; however, a special option has been
provided* so that one may investigate the special situation when only
enemy bombers are based in sanctuary and friendly long-range aircraft
are used to attack their bases. For both Blue and Red, the user may
specify that some specific portion of the first type of bomber aircraft
(i.e., ABl and BBl) is to be used against enemy bombers based in sanc-
tuary; he may also specify that a quantity of shelters is available for
the target aircraft, and that the attack aircraft achieve only a frac-
tion of their nominal effectiveness against unsheltered or sheltered
aircraft that are in sanctuary.

Another special usage option permits a unique treatment for AB2
reinforcement (when only ABl-type aircraft are in sanctuary). Whereas
the scheduled daily reinforcements for the several aircraft types are
nominally input using the parameter change condition cards, a dynamic
mode is available for the AB2. With this mode the user first specifies
the quantity of AB2s in a special stock outside the theater (i.e., not
subject to attack or employment) and, if he desires, a daily reinforce-
ment to that stock. The model then keeps track of the number of AB2
aircraft and AB2 shelters in the theater and brings in AB2 filler air-

craft at a rate just sufficient to maintain full shelter occupancy.

AIR-TO-AIR DEFENSE OPERATIONS

The aircraft sorties that are committed to air defense may be split
into two components: those that are to be deployed forward, primarily
to protect friendly ground forces from enemy close-air-support sorties
and CSAM operations in the forward area, and those that are to be used
in defense of the rear areas (that is, against the enemy's air-base
attacks, interdiction sorties, deep CSAM attacks, and deep escort sor-
ties). 1In each area the effectiveness of the air defense aircraft is
estimated in terms of the probability of survival of an offensive sortie
using an expression of the form:

*
Operative only with the new air-warfare logic (i.e., when

A(330) = 1).
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'PDPKSD/ %o

fraction of air defense sorties that detect an intruder

where P
PK = fraction of detections that result in a kill (a function of

the class of offensive aircraft)

SD = daily number of nonaborting air defense sorties in the rele-
vant area
SO = daily number of nonaborting intruder sorties.

Aircraft allocated to the escort mission can be assigned to accom-
pany the deep penetrators and the close-air-support sorties in whatever
proportion is desired. Each escort sortie reduces the effective number
of enemy air defense sorties in the appropriate sector by a specified
number. The air defense sorties assigned to the forward sector may,
if the user chooses, interact both with the enemy's sorties in the CAS
zone and with his deeper sorties; for this, the user stipulates the like-
lihood that a deep penetrator will be detected relative to that for a
CAS sortie* if there were an equal number of both types of sortie. These
several considerations jointly determine the appropriate value for SD
for use against each set of intruders.

The probability that an offensive sortie successfully delivers its
munitions may be distinguished from the probability that it survives
the entire mission. This is done by stipulating the fraction of the
expected interceptions that occur before the target is reached. 1t is
also possiblé to stipulate that some fraction of the offensive sorties
will jettison their munitions when they are detected;T those that jet-
tison are ineffective on their mission. The defense's PK against those
aircraft that jettison can be specified as some fraction of that for
those that do not jettison. The user may also specify a ratio for dam-

aged to destroyed aircraft by class; damaged aircraft do not complete

*Judgments as to the appropriate value for this factor (A(395) and
B(395)) would have to be derived from a consideration of the relative
amount of time that these offensive sorties are in the sector, and the
geometry of the defense and intruder operations.

This factor is applied uniformly for all aircraft classes.
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their mission but are assumed to be repaired in time for operations on
the next day.

The assessment of air defemse aircraft losses in engagements with
eneny offensive sorties is based on the specified probability that an
air defense fighter is killed by an offensive aircraft after contact
has been made. Air defense aircraft losses are computed as the sum of
those that are lost in operations against enemy sorties in the forward
area and those lost in the rear.

To accommodate the increase of distinguishable aircraft types it
has also been hecessary to provide for approximate adjustments to the
values for air defense effectiveness. In the original model logic,(é)
the effectiveness of air defense aircraft could be distinguished against
enemy fighters, attackers, and bombers, but all air defense aircraft
shared these same performancevcharacteristics. It is now possible* to

stipulate relative P_'s for each type of air defense aircraft; thus, if

K
the performance for one type of defensive aircraft were to be PKF’ PKA’
and P that of another would be k°P T

KB KE’ k-PKA, and k*PKB.

In two cases it was considered necessary to permit the effective-
ness of air defense to be distinguished against two aircraft types of
the same class; both cases involve the bomber class and in both instances
the user may specify# that the air defense effectiveness against the
first type is a fraction of the effectiveness against the second. Al-
though this modification involved revising the basic computational rou-
tines as well as the new routines, the basic logic reverts to its
unmodified form when these features are not used.

The likelihood that an aircraft assigned to air defense detects an
intruder (PD) is dependent on a wide range of factors. Of the many
important considerations, one of the more critical relates to the assis-—
tance that the defensive aircraft receives regarding the location of
intruder aircraft; the greater that assistance the greater will be the

" likelihood that an intruder is detected. The present revision of TAGS

* .
With the new air-warfare logic (i.e., when A(330) = 1).

The unmodified characteristics are associated with the AF3 and
BF1 aircraft. :

*Using B(305) and B(308) for ABl and BBl, respectively.
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permits PD to be estimated in two alternative ways: one option tends
to approximate the situation when there is substantial outside assis-

tance and PD is independent of the level of air activity; the other

option attempts to capture the situation in which the air defense search

process is essentially autonomous and PD is sensitive to the number of

intruders in the friendly air space. 1In the first instance, PD is a

constant; in the other, it is directly proportiomal to the number of
intruders (i.e., to the number of opportunities for making a detection).

The nature and effectiveness of the PD process may be handled in-

dependently for enemy sorties in the forward area and for deep intruders.
Furthermore, the PD specifications may be changed any time the user de-

sires by using the change condition cards. If the only P_. value speci-~

D
fied is the value that relates to shallow enemy sorties (i.e., A(48)

and/or B(48)), that value is also adopted for deep intruders. A con-

stant value for PD is presumed if the input value is positive; if it is

negative, P_ is taken to be SO times as large as the absolute value of

D
the input, where SO is the daily number of intruder sorties. For either

option the appropriate input value should be derived from a careful con-
sideration of aircraft characteristics and the temporal and geometric
descriptors of the situation under consideration. The same value for
PD is associated with all types of air defense aircraft. (The only way
in which this constraint may be relaxed is to reflect disparities among
aircraft detection capabilities in the relevant PK; since expected kills

are given simply by P this method of overcoming the constraint is

DPK’
quite effective, except insofar as the likelihood that an enemy intruder

will jettison his payload is distorted.)

*

In both cases, Pp is degraded from the value stipulated above if
the aggregate number of detections expected (D) exceeds the number of
intruders (I); in this event Py is assumed to be given by

P =(
Ddegraded

a relationship that provides a gross representation of the fact that an
aircraft will not generally accept an indefinite number of engagements
before it jettisons its munitions and breaks for home.
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OTHER AIRCRAFT LOSSES

" A specified fraction of aircraft is lost for noncombat reasons
(accidents apd miscellaneous other causes); the per sortie loss rate
is specified by aircraft class.

Antiaircraft artillery and other ground-unit antiair defensive sys-
tems are assumed to be deployed with the divisions so that all aircraft
must penetrate the coverage of these weapons. The per-sortie daily
loss rates are considered to be the same for all missions (except air
defense) of a given aircraft class.

SAM fire units are assumed to be deployed throughout the theater.
The effective density in the forward and rear areas is controlled by
specifying the fraction of the SAM units that are deplbyed in the for-
ward zone against enemy CAS sorties.* A fraction of the counter-SAM
(CSAM) sorties may be designated for use iﬁ the forward area; the re-
mainder are used to attack the SAMs deployed in the rear. The latter
attacks are confined to five corridors normal to the front; each corri-
dor contains a specified fraction of the rear-area enemy SAM units. The
daily CSAM sorties against the SAMs in the rear are allocated equally
among the five corridors whereas the shallow CSAM sorties confront all
forward SAMs. The effectiveness of a CSAM sortie and the probability
that the SAM will kill a CSAM aircraft are specified by aircraft class.
A ratio of damaged to destroyed SAM units, as well as the number of dam-
aged SAM units that may be repaired per day, can also be specified.

The effectiveness of the SAM units that survive the daily CSAM
operations is controlled by the probabilities that (1) a SAM will engage
a deep penetrator, (2) a SAM in the forward zone will engage a CAS air-
craft, and (3) a SAM unit will kill an aircraft that it engages; geo-
metric factors are subsumed in the first two probabilities+ and the kill
effectiveness factors in the third. SAM missile stockage and supply
limitations can be reflected by specifying the maximum average number of

‘engagements per day permitted for each SAM unit; the engagements with

*
SAMs are treated on a theater-wide basis, independent of whether
or not the ground campaign is being treated by sectors.

+The first probability would be given, approximately, by the ratio
of SAM coverage width to corridor width, and the second by the ratio of
the area swept by the intruder (using SAM coverage diameter for width)
to the area of the forward CAS zone.
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CSAM sorties are assumed to occur before the other enemy intruders
arrive.

Aircraft of a given class that are not in sanctuary are based on
a specified number of airfields and have available a specified number
of shelters. To reflect operational constraints, the user may specify
that a fraction of the aircraft on the ground are not in their assigned
shelters. If the specified fruction of aircraft on the ground during
airfield attacks exceeds the number of shelters, or if some aircraft
are not in their assigned shelters, the unsheltered aircraft are at
risk to conventional strafing and bombing attacks. Counter-airfield
attacks are allocated against sheltered and unsheltered aircraft in
proportion to their numbers; attacks against unsheltered aircraft are
allocated in proportion to the number of airfields associated with each
aircraft class, for those classes in which at least some aircraft survive.
Effective hits on shelters are presumed to destroy the aircraft in the
shelter and, with a stipulated probability, to kill the shelter. The
effectiveness of conventional attacks against sheltered and unsheltered

aircraft is computed as follows:

"Kcasca/T
E =A{l -e¢e

k
where Ek = expected number of aircraft killed
A = number of aircraft at risk, unsheltered or sheltered
T = number of targets, unsheltered aircraft or targeted
shelters
Kca = expected number of kills per counter-airfield sortie
SCa = number of counter-airfield sorties that reach the target.

Features have been added to the airfield attack logic that permit
the user to reflect different levels of efficiency in laying down the
attack. Each day's shelter kill potential may be either concentrated
on those shelters that survive prior attacks or assumed to be distri-

*
buted over all shelters, functional as well as destroyed; the former

*This item is handled by selecting the appropriate value for T,
above. Bomb damage assessment is assumed to be lacking if the initial
value of the shelter kill probability (i.e., A(314)) is input as a
negative quantity. -
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condition could be achieved with perfect bomb damage assessment (BDA)
and aimed weapons whereas the latter would be typical of area weapons
or a lack of any BDA.

A somewhat finer degree of user control has been provided for attacks
on unsheltered aircraft. For this feature, it is presumed that the ini-
tial per-sortie attack effectiveness values are based on some average
number of unsheltered aircraft per airfield (AO); if this average number

of aircraft drops to A the attacker's effectiveness (Kca’ above) is

s
reduced to (Al/AO)n oflits nominal value.* Setting n equal to 1 approx-
imates the condition when the weapons are aimed and BDA is perfect;

n = ) approximates area weapons. By selecting an intermediate value,
the user will be able to calibrate model behavior to approximate more
detailed analyses of attack effectiveness.

Aircraft that attack airfields suffer additional attrition from
airfield defenses; the sortie loss rate to these defenses is prescribed
as a function of aircraft class. A recent modification permits these
loss rates to be made sensitive to the average number of aircraft that
attack a single airfield, a. As in the discussion immediately above,
the user should be able to reasonably well approximate more definitive
analyses by use of this feature. To do this, he first stipulates that
the initial value of airfield defense effectiveness applies to some par-
ticular attack size, ao;+ the level of effectiveness achieved on any
given day is then given by (aO/a)m. The value for m is stipulated sep-
arately for values of ao/a greater and less than one,* thus giving the
user substantial flexibility with which to calibrate model operation;
the default value m = zero simply renders this mode inoperative.

The daily change in the inventory of theater aircraft is the net
of the daily augmentation minus the losses inflicted by attacks on air-

fields, accidents, AAA, air defense, SAMs, and enemy airfield defenses.

*
Default values for A0 and n are 20 and 0, respectively, for both
participants.

The default value for ag is 20.

$By setting m = fp(m) when ap/a is less than 1, and letting _
m = ip(m) /1000 when it is greater (where fp is the fractional part and
ip is the integer part).
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IV. GROUND WARFARE

The latest modifications to TAGS primarily concern the introduction
of a very much expanded treatment of ground conflict. As a result, the
present version offers the user the option of treating ground conflict
at several levels of complexity ranging from the simplest consideration
of surviving ground forces (as retained from prior versioms) to a formu-
lation that permits consideration of unit and individual replacements,
reserve requirements, recuperation and/or cannibalization of withdrawn
units, and capabilities for the repair of damaged equipment. Choices
also exist as to how casualties and FEBA motion are assumed to be related
to the force ratio, the terrain, and the nature of the defense. Simple

"switches"

permit the user to select from among the several options;
generally speaking, the simplest representations are the default mode
for model operation.

Basically these several optiens represent (1) alternative means for
expressing the strength of the forces that are engaged on each side and
(2) alternative means of estimating casualties and FEBA motion as a
function of the ratio of strength of the engaged forces. Figure 2 dis-
plays in schematic form the alternatives that exist for affecting the
strength of each of the engaged ground forces. Unless otherwise speci-
fied by the user, the strength of the engaged forces is simply decre-
mented each day by the sum of the casualties inflicted by conventional
ground action and by the enemy's close-air-support operations; all other
elements noted in Fig. 2 are inoperative in the default mode of opera-
tion. Alternatively, the user may invoke aqny or all of the features
indicated for omne or both forces. These several featureé will be ex-

* plained in the next section. The user may also choose to éonsider the
casualties that would be inflicted by aircraft-delivered nuclear weapons
and/or by nuclear fire units organic to the ground forces.

Two distinctly different sets of approximations are available for
estimating casualties due to ground combat and for estimating the FEBA
motion. The first, and simpler, of these approximations (retained from

prior versions) provides only single relationships between offensive
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casualties and force ratio, between defense casualties and force ratio,
and between FEBA motion and force ratio (except that the scale of the
velocity representation may be modified to reflect changes in terrain
as a function of FEBA position and/or as a function of the magnitude of
recent casualties). These approximations are discussed in connection
with Option A, below. The other representation (the newer) permits the
user to specify the nature of the terrain as well as the position and
strength of prepared defenses (along the unidimensional direction of
FEBA motion) and to employ contemporary U.S. Army estimates for casual-
ties and FEBA motion that are sensitive to the force ratio, the type
of terrain, and the nature of the defense. Furthermore, this second
option permits the user to reflect the efficacy of an attacking force
in massing its forces in an attempt to break through prepared defenses.
These features are developed on pp. 29 to 33. In either of these sets
of approximations, the user may permit the FEBA motion to be influenced
directly by the number of CAS sorties flown, to reflect the fact that
CAS sorties not only produce casualties but tend to disrupt coordina-
tion, slow troop movements, and create an adverse psychological effect
on the enemy. v

When the theater is comsidered to consist of several distinct ground
sectors, the ground action in each sector is assessed separately using
only a specified portion of total close-air-support capability generated
in the theater. Computations of this type are faciltated by the feature

that simplifies the treatment of multiple cases (p. 52).

STRENGTH OF THE ENGAGED FORCES

In simplest terms, the land-battle representation in TAGS predicts

the motion of the "front line,"

or FEBA (forward edge of battle area),

as a function of the strength ratio of the opposing forces. Although

. specification of the "strength" of a land force is an extremely complex
(and controversial) topic, we take the procedures for that measurement

as given. Typically, a "firepower" score (or similar single-variate
measure of strength) is used to assess the overall strength of the var-
ious units that are engaged and, typically, that total is then normalized
by the "strength" of a U.S. armored division, so that ADEs (armored-

division equivalents) become the common unit of measure for the strength
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of the ground forces. Whatever the unit of measure, it is necessary,
if TAGS is to be used, that that measure be used in all references to
ground force resources; i.e., for strengths, replacement rates, rein-
forcements, casualties, and repair capabilities.

In its original (and still simplest) form, TAGS dealt only with
the total strength of the ground forces, the daily casualties, and the
daily reinforcements. A first modification permits the user to specify
that a percentage of the engaged forces should be held out of combat as
a reserve; the user may further specify that that percentage may be re-
duced when "things are going badly." Figure 3 depicts the manner in
which this option functions; the attacking Red force maintains a fixed
percentage reserve unless, or until, the force ratio drops below the
stipulated level and then the reserve percentage falls linearly with
the force ratio; Blue maintains some fixed percentage reserve, until
the Blue/Red force ratio drops below unity, at which point Blue drops
the required reserve level linearly with force ratio. (Fixing FR at
1.0 and FB at some large number effectively stipulates a fixed value
for the reserve percentages, except that the Red reserve requirement
drops to zero if the Blue/Red force ratio reaches or exceeds unity.)
These reserve percentages create the "required reserve” noted in Fig. 2.
Under some conditions, the reserves that are maintained are greater than
the required reserve;* the additional forces are referred to as the
"available reserve."

The second set of modifications/additions permits the approximate
treatment of daily replacements and the withdrawal of units that have
suffered excessive casualties. To provide such an approximation it
first was necessary to reflect the fact that not all units that make up
the engaged force would receive the same proportion of casualties each
day; if this uneven distribution of losses among units were not ack-

- nowledged, one would be led to predict that all engaged units within a

sector would break down at the same time (given equivalent priority

*Additional reserves will be maintained, if necessary, to prevent
the engaged force size from exceeding either a force level or a force
ratio constraint, if one has been specified; a small additional reserve
will also exist if the excess available is not sufficient to generate
a full unit of strength for the engaged forces.
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for whatever daily repiacements (fillers} were available). To treat
this real-world problem (about which lirtle data exist), the initial
ground force is divided (within the model) into N identical units; the
daily casualties are then distributed nonuniformly among these N units
(as currently coded, this distribution is linear, and the casualty por-
tion for the ith unit is equal to (2i - l)/Nz). An additional feature
perﬁits the position of a given unit in this order to be varied from
day to day to crudely approximate command efforts to shift units into
and out of the worst part of the battle, and thereby to spread casual-
ties somewhat more uniformly. In the model, this is done by specifying
that a unit's position in the ordered set on day N + 1 is équally likely
to be any one of the five positions that are within two of its position
on day N. Since this process introduces a random element into the cal-
culation, overall results are not reproducible. For this reason this
feature should normally be surpressed* when testing other sensitivities.
This representation of the engaged forces as the sum of several
different units+ permits one to stipulate that units must be withdrawn
from combat when their'strength has fallen below a specified level.
When that happens, the unit's residual resources (ADE) are withdrawn
from battle and are placed in an RNR (rest and recuperation) status (and
lose their unit identity). Unit resources that have been withdrawn may,
at the user's direction, either be rebuilt to their initial strength or
cannibalized and returned to the reserve for possible assignment. Time
delays must be specified for whichever procedures are to be employed#
and recuperation also may require the commitment and availability of
additional resources (ADE). If cannibalization is to be used, no addi-
tional resources are required, but the process can have an associated
inefficiency which is expressed as a reduction in the effective strength

of a cannibalized unit. The user may choose to specify the use of either

* .
By setting A(352) = 0.0.

Fr s . . .

This representation is meaningful only as a mechanism to estimate
total strength; it does not reduce the level of aggregation in any other
sense. (The maximum number of units is 75.)

%

Although unit integrity is lost on entering RNR, a record is kept
of how many units have been in RNR for different periods of time.
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recuperation'or cannibalization for an entire war, or may, by use of
the day-to-day change features,* let that choice be conditioned by the
value of other factors, such as, for example, the resources currently
available for recuperation and/or the current ratio of force strengths.
The program is written such that that choice may be shifted back and
forth from one process to the other. (The only coding restriction is
that the cannibalization delay time must be less than the time required
for recuperation.)

In practice, individual replacements~—or fillers——are frequently
provided in an effort to offset unit losses and thus maintain unit
strength. Unit casualties in TAGS may likewise be replaced by resources
that are provided for use as individual replacements. As suggested in
Fig. 2, the engaged force's daily casualties create a demand for indi-
vidual replacements. If sufficient resources are available to fully
meet the losses, they are all replaced. If insufficient resources are
available, replacements are allocated in proportiom to a unit's losses.
If desired, the initial fighting effectiveneés of the individual re-
placements ﬁay be specified to be less than that for fully trained
troops; furthermore, whatever inefficiency exists initially can be re-
duced over time, as specified, after the replacements join an engaged
unit. The user may also specify a transportation delay between the time
that casualties are incurred and replacements reach the field; to offset
initial losses without incurring any delay, a field reserve may be es—
tablished. When the replacements complete the transportation delay,
they are placed temporarily in this "field reserve" to be used as re-
quired (the size of the field reserve may be limited to a fraction of
the engaged force size).

The various troop resource categories in TAGS are indicated in
Fig. 2. Basically there are four categories of unengaged forces: re-
serve forces, individual replacements, withdrawn forces, and damaged
forces. Initial stocks may be specified as available in the theater
for each of the first three categories; they are known as the Reservés,

the Pool, and the RNR Stock. Daily reinforcements (which may be varied

*
See p. 49.
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from day to day) may also be specified separately for each of these
categories. In this way, entirely separate accounts can be maintained
for each of the three categories; alternatively, forces for the indi-
vidual replacement Pool and/or for the Stock for recuperation may be
withdrawn from the basic Reserves. The degree to which these require-
ments may be supported by the Reserves is controlled by specifying what
fraction of the available reserves may be used and, if all available
reserves may be used, what additional fraction of the required reserve*
may be used. When resources are to be transferred in this way, the
requirements for the Pool are fulfilled before those for the Stock.

For each increment of strength that is lost in ground combat, to
air action, and to nuclear attacks, the user may specify that a propor-
tional increment is damaged (with the proportions specified separately
for each category of loss). Damaged resources are repairable in a spec-
ified time at a maximum specified rate.+ When repaired, the resources
are added to the individual replacement Pool and processed with those
resources; when forces are damaged, the demand placed on the Pool is

the sum of the casualties and the damaged forces.

FEBA MOVEMENT OPTION A

The direction and rate of movement of the FEBA at any point will,

in general, depend on the relative strengths of the opposing forces at

that point. An early investigation of World War II campaigns(7) indi-

cated that a coarse description of the average motion of those campaigns
could be attained with rather simple mathematical expressiomns inveolving

the effective force ratio, F, defined as

*
When portions of the required reserve are used in this manner, the

engaged forces will normally be reduced to satisfy the reserve require-
ment.

Forces withdrawing at a velocity of V km/day are only able to re-
cover a fraction [max(0, 1 - V/20)] of their damaged resources for repair.
The limiting velocity, 20 km/day, is currently fixed, but could be con-
trolled by an input parameter with only a minor program change in the
subroutine FORCEL.
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where M = number of attacking division equivalents
Scas = number of the attacker's CAS sorties
k = number of CAS sorties for which the disruptive, non-
casualty producing effects would alter the motion of
the FEBA to the same extent as an additiomal friendly
division equivalent

E,E;g = defender's factors.
cas

For Option A, the daily movement of the FEBA, i, is expressed as

a function of the effective force ratio in the form:

where Vmax is the maximum velocity of the FEBA against negligible oppo-
sition and can be specified (as indicated in the subroutine VMAX) as a
function of the position of the FEBA, x, to reflect varying qualities
of the terrain or important natural obstacles, such as a major river.
Ll’ L2, L3 are constants, input by the analyst. Figure 4 indicates how
the movement rate is affected by their selectiom.

In the analyses report:d in Refs. 5 and 6, Vmax and the constants
Ll’ L2, and L3, were chosen such that the FEBA movement was approxi-
mately the same as that achieved in comparable situations analyzed with
the substantially more detailed TOTEM ground-warfare model in other Rand
studies.(s’g)

Option A also offers a feature that can be used to réflect grossly
the loss of fighting effectiveness of attacking ground units when the
casualties sustained are large. When invoked,f this feature restricts

. the maximum permissible velocity of the FEBA and can stop motion

T .
The specific values used in those analyses were 28 miles per
day, -0.75, 9.0, 1.3; no variation with terrain was included.

TBy setting A(184) = 1.0.
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on the battlefield are cut in half* (reflecting a greaﬁer opportunity
for concealment and protection). The FEBA will commence to move again
whenever the (n - day) sum of fractional casualties drops below the
threshold f2.

Troop Casualties

The daily casualties‘due to ground combat with comventional weapons
are expressed as percentages of the strength of the engaged forces. The
nominal values used previously(a) and still coded in TAGS were adapted
from an unpublished survey by M. Weiner of The Rand Corporation; they

are depicted in Fig. 5.

Defense casualties

Casualties, percent

Offense casualties

0 | L ] |
1 2 3 b 5

Force ratio

Fig. 5--Relationship of daily casualties due to ground combat
with conventional weapons to number of units in action

*
If desired, these casualty reduction factors could be made vari-
ables with a minor program change in the subroutine CALCLO.
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The daily casualties inflicted by CAS with conventional weapons
are a function of the aircraft type, the payload, and the ground target.
In TAGS the effectiveness of these sorties is expressed as the fraction
of an enemy division killed per successful sortie. The total casualties

per day produced by CAS sorties are given by

where M = number of enemy division equivalents
*
K = divisions killed per CAS sortie
ScaS = number of successful friendly CAS sorties.

FEBA MOVEMENT QPTION B

This option adapts materials developed by the U.S. Army for use
in the ATLAS(lO) ground-warfare model. ' With this set of approximations,
the user may stipulate the nature of the terrain in 10-km increments
along the unidimensional direction of motion. He may, in addition,
stipulate that the defender has prepared defenses within one or another
of these 10-km bands; either of two qualities of prepared defenses may
be specified. As represented in the Army materials, the motion of the
FEBA is influenced by the force ratio, the nature of the terrain, and
the type of defense; casualties, as modeled for Option B, are only
sensitive to the force ratio and the nature of the defense.

In adapting these data for use in TAGS, it was found that the ve-~

locity estimates could. be effectively represented as a function of force

ratio (F) in the form:

V=a-b5b(ec - F)d for F < ¢

V=a for F =2 ¢

*
Actually, K-S , where the sum is over the three

=93 ks
cas i=1 i casy
different classes of aircraft.
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when the constants a, b, c, and d are determined for each type of ter-
rain and defense. Similarly, the casualty estimates can be well repre-

sented by:

O
]

L]
D Al + BlF defender's casualty rate

~-2F/3

O
]

A2(B2 + e ) = offense's casualty rate
where Ai and Bi are dependent on the type of defense. Casualties due
to CAS operations are assessed as in Option A.

The user may specify any of four distinct defensive situations for
each 10-km interval. Either of two levels of prepared defenses may be
specified; if neither of these pertains, hasty field defense conditionms
would normally be specified. The fourth condition is an attacker op-
tion; if, for example, the attacker wishes omly to advance a given
distance and then adopt a positional defense and hold up at that point,
this may be done by specifying a #5 type defense* in the appropriate
10-km interval. Typically this option would be used when the user
wished to represent an attacker that was to advance up to a line of
prepared defenses but to stop short of an assault on that position,
thereby holding the defender in place with a limited force; to do this,
the positional defense would be specified in the interval adjacent to’
that with the prepared defense.

Two other defense options can be generated within the model. If
specified by the user, a defender who is engaged in hasty field de-
fense will be able to develop a "deliberate" defense whenever he can
hold the réte of motion of the FEBA below a stated level for a speci-
fied number of days; this condition will prevail unless and until the
offense is able to raise the FEBA velocity above the threshold. Also,
the attacker can be required to adopt a "positional" defense whenever

the attacker/defender strength ratio falls below a stated level, or

*
Notation for the several types of defense is explained on p. 89.
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whenever an assault on a prepared defense has failed to broach that
defense after a stated number of days.

Two different types of action may be represented for the attacker
when deliberate (#2) or prepared (#3 or #4) defenses are encountered.

A first reaction that may be specified is that the attacker will reduce
his required reserve td a (specified) fraction of the nominal value

(for the existing force ratio) as a temporary expedient to overcome the
defenses if the advance rate drops below 4 km/day.' If that fails (in

the sense that the advance rate drops below 2 km/day), the attacker may
attempt to mass his force to break through the defense.f Although the
unidimensional nature of the TAGS FEBA representation obviously prohibits
an explicit representation of any effort by an attacker to mass his force
in the face of a prepared defense in order to break through that defense,
Option B provides a means by which such an action may be represented
implicitly. Furthermore, this representation is structured such that

it may be calibrated to reflect the understanding of such actions that

is elicited from more detailed ground combat models.

The massing and breakthrough process can pérhaps best be explained
by considering Fig. 6, in which a typical estimate of FEBA motion against
a prepared defense is depicted as a function of the force strength ratio;
unless the force ratio is at least 1.5, in this example, the FEBA will
not advance. This type of estimate is intended to pertain to a rela-
tively small segment of the FEBA, such as in one of the 10- or 20-km

(11)

resolution elements typically employed with the TOTEM model. In TAGS,

we are attempting to reflect an average behavior along an entire front
(or at least a relatively large segment of the FEBA), and thus allowance
must be made for an attacker's ability to move forces laterally to de-

velop a locally higher force ratio and thereby break through the defense.

*If desired, the user may prescribe that aircraft close-air-support
effectiveness is dependent on the type of defensive situation; if B(307)
is initialized to unity, its value will subsequently be modified under
differing defense conditions so that, using the parameter change con-
dition cards, aircraft effectiveness may be modified accordingly.

1.

The fixed values for advance rate that control these features were
chosen after preliminary comparisons with results of more detailed model-
ing; if desired, the values could be controlled by the user with simple
program changes in the subroutine FEBAV.
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FEBA
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— X
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F

1 F, strength ratio

Fig. 6--FEBA velocity vs strength ratio

To illustrate how this is represented in the model, comsider the force
ratio noted by F1 in Fig. 6. 1If we identify X as (Fl - 1), the effect
of an attacker's effort to mass is reflected by defining an "effective"
force ratio, F, which is thén used to predict FEBA motion. F is given

as
F=1+3X(1+KD) =F + KXD

where D is the consecutive number of days during which a prepared or
deliberate defense has held Red's advance to less than 2 km per day,
and K is a factor used to control the relative capabilities of the
attacker and defender in shifting forces to gain/offset a local ad-
vantage (K < 1). When the effective force ratio is computed in this
way its value is greater than the average across the entire sector and
the resultant velocity estimate is greater (assuming T exceeds the
threshold).

If, after a stated number of days, Dmax’ Red does not succeed in
broaching the defense despite this increased velocity, he opts for a
positional defense; he retains that posture until his force strength
has grown to a level for which he can project a breakthrough within

*
a stated time (or until Blue counterattacks and drives Red back). By

*
Against deliberate defenses (which have no depth), the attack is
resumed if the projected advance rate exceeds 2 km/day.
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controlling the values of K and Dmax’ the user controls the efficacy
of the overall process; if K is small--near zero--Red is, in effect,
not able to gain much of a local advantage. 1In recent sample calcula-
tions we have let K =~ 1 and Dmax = 2 in order to calibrate TAGS so that
the results are comparable to some that had been obtained with TOTEM;

under these conditions the maximum value of F is 1 + 3X.

*
BATTLEFIELD NUCLEAR OPERATIONS

Each division is assumed to have a specified number of each of
two types of mobile nuclear fire units; short-range units and long-range
units. They are assumed not to be at risk during conventional opera-
tions (they are hidden in rear areas). Each unit has a specified number
of rounds available for amy given day's operations, and if used, the
unit will be rearmed by the next day unless theater stocks are depleted.
Stockage levels do not build up at the field unit; resupply only fills
out the unit's daily allocation.

The two sides do not necessarily initiate battlefield tactical
nuclear operationms on the same day; the first day of nuclear operations
must be specified for each. Long-range nuclear fire units can fire at
enemy troops and nuclear. fire units; short-range nuclear fire units can
only fire at specified fractions of the enemy troop units and short-
range nuclear fire units. A specified fraction of the enemy troop units
can be targeted on the basis of field-developed intelligence; for the
remaining targets, one may either (1) specify the fraction that is tar-
getable by type or (2) require that reconnaissance be conducted to
develop targets. For detection and targeting purposes, an army division
is presumed to consist initially of a specified number of troop units.
As casualties are sustained, the number of such units per division is
. assumed to be reduced in proportion to the square root+ of the average
survival of the divisions in combat. With this formulation, the average

*
As presently configured, this mode of operation is mot compatible

with a multisector campaign; however, only minor changes would be re-
quired to achieve that capability.

TThis exponent is an input; one-half is the nominal value used to
date.
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unit size decreases during battle but not as rapidly as the surviving
manpower. The fraction of a division killed by a nuclear weapon is
given by the product of the probability that the target is in place,
the expected fraction of a unit killed, and the size of the unit.

In the case that air reconnaissance is necessary to develop target-
position data regarding enemy troop units and nuclear fire units, the
requirements for conducting a reconnaissance sweep over the entire area
within which potential targets would be located are stipulated by the
user in terms ‘of the number of successful sorties necessary to sweep
the area. The probability that an enemy fire unit is detected is de-

termined as:

N
1-(1-7py
where Py = probability that the nuclear fire unit is detected if its
position is swept by a reconnaissance aircraft
. *
N = number of times the surveillance area is swept each day

by reconnaissance aircraft.

The probability of killing a detected fire unit is the product of the
probability that the target is in place when the round arrives (a re-
sult of command and control delays, etc.) and the probability of killing
an in-place unit.

In actual combat, target opportunities will develop at different
times during the day and will require prompt action for destruction.
This will occasionally compel use of a long-range weapon where, had it
been available, a short-range weapon would have been preferred. As a
first approximation, we assume that a fraction+ of the enemy troop and
short-range weapon targets are at risk only to long-range weapomns.
Assignment of missiles to targets may give priority to enemy nuclear
fire units, but again, to capture the effect of the value of rapid re-
sponses, some weapons nominally are assigned both to the targetable

enemy nuclear fire units, F, and the targetable enemy troops, T. The

*
The computer code actually uses the integer number formulation.

TThe default value for the fraction of targets not at risk is 0.25.
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assignments are in the proportions* KF/(T + KF) and T/(T + KF) when
there are insufficient weapons for both target classes. K is (effec-
tively) the relative likelihood for a nuclear fire unit to be targeted
to that for a troop unit. This assignment procedure is applied, sequen-
tially, to the short-range fire units and then to the long-range fire
units.

Assessment of the fire units and troops that have been destroyed
is deferred to the end of the day; in effect, both sides target their
forces and execute their strikes without interference from similar
enemy action.

AIR-DELIVERED NUCLEAR WEAPONS+

In addition to the procedures for considering the.interaction
among battlefield nuclear fire units, TAGS preserves the original

(L

logic relating to the use of air-delivered nuclear weapons. Weapons
can be assigned on a daily basis to troop targets, interdiction tar-
gets, or to the airfields associated with each of the three categories
of enemy aircraft; such assignments are limited by the size of the
theater stockpile that is specified. Whereas no sorties were specifi-
cally required or committed for delivering these weapons in the original

(4)

formulation, one sortie is now absorbed for each weapon.¢ The ef-
fectiveness of .attacks on troop units and interdiction targets is ex-~
pressed in a manner analogous to that for conventional attacks; for
airfield attacks; the effectiveness is expressed in terms of the frac-
tion of the aircraft on the airfield killed per weapon.

The air-delivered nuclear weapon elements of TAGS can be employed
independently of the battlefield nuclear features. When both features

are employed simultaneously, troop unit casualties are assessed on the

*
The default value for X is 2.0.

+These features currently are restricted to use with a single-
front campaign as no provisions exist for allocating aircraft to alter-
nate sectors.

*Airfield attacks are delivered by Blue bomber ABA sorties and
Red attacker and bomber ABA sorties; troop targets and interdiction
targets absorb Blue bomber CAS sorties and Red fighter and attacker
CAS sorties (see subroutine CALC1B).
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basis of uncoordinated targeting, i.e.,

where Ps = fraction of the divisions that

attack

Psl = fraction of the divisions that
air-delivered weapons

PsZ = fraction of the divisions that

enemy mobile fire units.

survive both classes of

survive nuclear attack by

survive nuclear attack by
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*
V. SUPPLY

SUPPLY CAPACITY

When the opposing force interdicts the communication net, the
available transportation will be reduced. An early study of subjecting

the then existing European communication system to a bridge and rail

(12)

cutting interdiction campaign provided estimates of the fraction
of the throughput that could be maintained by the rail system, supple-
mented by trucks, under different levels of interdiction attack with
conventional weapons. Based on these results, it was concluded that
the final surviving throughput of the system undergoing continuous in-

terdiction attacks could be estimated as

1
C=C |+
(o} (l + k . SINT)

where Co = original supply capacity
SINT = number of successful enemy interdiction sorties

k = reciprocal of the number of sorties required to reduce

the capacity to one-half its initial value.

*These portions of TAGS date to its earliest versions and have
been little used in intervening years. Although they have been re-
tained for possible use with the simpler ground-warfare options, they
have not been revised for full compatibility with the latest, more
complex, revision. In the context of the most recent ground-warfare
logic, the supply system, as currently structured, is only concerned
with supplies for the forces that are engaged, i.e., for A(5) or B(5).
Any surplus supply capacity is considered available to transport daily
reinforcements to the theater from the rear; no supply is currently
. allocated for the reserves. As now structured, the user specifies
(using A(390) and B(390)) the portion of each day's interdiction ef-
fort that is to be allocated against the LOC that supports the. sector
under consideration. Thus when the user is analyzing a multiple-front
situation, the model representation implies a distinct supply system
for each sector of the front, much as is done with the ground forces
themselves.
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If the interdiction effort is decreased, the-supply net recovers
over a period of time because of the finite time required to rebuild
or replace the damaged installations. The equations for the fractional
surviving supply throughput are written so as to include a time delay
for the change due to any decrease or increase in the interdiction
effort. The same value for the time delay is used for the decay of
the communication net as for its recovery.

Other factors that can influence the supply potential are a change
in length of supply lines and the rate at which this change occurs.
When the quantity of rolling stock is a limiting factor, the number of
carriers arriving daily in the front-line area will, in general, depend
inverseiy on the length of the supply lines. If this length increases,
the number of arriving carriers decreases and, conversely, when the
length decreases, the number of arriving carriers increases. This type
of variation could occur when the number of carriers available is in-
sufficient to saturatevthe transportation network. Furthermore, should
the 1ength of the supply lines increase very rapidly, a degradation in
carrier operation efficiency can be expected.

A simple way in which to incorporate these effects is to introduce
a degradation factor to the supply potential. The resulting equation

for the current supply capacity is

_ : . 1 T - 0.5 1 c l
C=Cy (I-Bx-8x))-CY 1+E'(T+0.5>{(1+E)‘c} +Cu$

where Co initial supply capability
X = position of the FEBA, in miles, from initial vaiue (posi-

tive when the friendly forces have gained ground)

B = fraction of supply capacity lost per mile of FEBA advance
X = velocity of the FEBA, in miles per day
§ = fraction of supply capacity lost per mile of FEBA advance

per day (equals zero during withdrawal)
T = time lag for decay and recovery of supply net (80 percent

of maximum effect occurs in 3T days)
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@}
]

fraction of the original supply capacity that cannot be
interdicted

E=%k - SINT’ as defined earlier.

This formulation, assessed on a day-to-day basis, allows for a smooth
transition of C over time as the number of effective enemy interdiction

sorties varies.

SUPPLY REQUIREMENT

The supplies per day necessary to conduct a theater campaign will
depend on the number of divisions in the theater and the number of air-
¢raft sorties generated per day. The supply requirement in the theater
is computed on the basis of input values for the unit supply require-

ments, expressed as a fraction of the initial supply capacity.

DIVISION AUGMENTATIGCN

Assuming that new divisions brought into the theater as reinforce-
ments will utilize the existing supply system, the maximum rate of in-
troduction will depend on how much network capacity exists over and
above the minimum daily requirements. If sufficient capacity exists,
divisions are augmented at whatever rate has been specified; if the

supply requirements, C for the forces in conflict are sufficiently

R,
great, augmentation is slowed, or stopped, according to the relation:

where M

Aue number of divisions brought into the theater per day

fraction of the original supply capacity required to

k™
U

transport a division to the front.

THE NUMBER OF EFFECTIVE THEATER DIVISTIONS

When the theater supply requirements, CR’ are less than the cur-
rent supply potential, C, it is assumed that the divisions in the field

are operating with normal efficiency. When CR is greater than C, the
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theater divisions may use the theater stocks available. When the
theater stocks are depleted, the number of effective theater divisions

is given by

where Mg = fraction of the original supply capacity used per division

per day.
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Appendix A

OPERATION OF TAGS

GENERAL PROGRAM DESCRIPTION

TAGS consists of a main executive routine, 32 subroutines, and
4 function routines that are organized and function in the manner indi-
cated in Fig. 7. The model simulates the day-to-day battle results in
a tactical theater.

TAGS is written in FORTRAN 1IV; its present configuration allows
multiple cases to be included during a single computer run. Computer
storage requirements are 168K bytes. A campaign of 30 days' duration
requires 4 sec per trial using the most sophisticated logic optioms.

TAGS obtains required input data both from prespecified values
coded in the operating program and from five distinct types of input
data cards. Essentially all basic data (as well as many of the inter-
mediate computational values) are contained in two 400-element one-
dimensional arrayé identified as A and B, for Blue and Red forces,
respectively. A numerical listing of the definitions of the elements
of these arrays is in Appendix C. Values for the input elements of
these arrays may be prespecified in the routine INIT, and/or read in
from card images at the time of execution. The five types of input

cards and their sequence in the data deck are:

1. Control card--one card.

2. Force-size initializing data cards--two cards each for Blue
and Red.

3. Uncertain and constant input parameter cards.

4, Parameter change condition cards.

5. Battlefield descriptor card--one card.

These card types and their formats are discussed in detail later in
this appendix.
Appendix B presents a listing of all input factors (other than the

control variables and the battlefield descriptors) organized according
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Inputs basic forces, key factors
Inputs fixed performance factors

Inputs variable and uncertain performance
factors (card images)
Selects trial values for uncertain factors

TRIALV

UNCER

Available as required for introducing
correlations among factors CORREL

Prints initial values for the A and B arrays WPV

Introduces day-to-day changes as appropriate CHANGE
Available as required for ifntroducing specfal
features not conveniently handled by CHANGE MODIFY

Prints daily and end-of-battle summary

4 ‘
Optional air-warfare logic for I CALCB I
CALC

multiple aircraft types

Checks aircraft allocation I CALCR

Alr defense calculations

CALCIA
CALCIB

CALC2A

Other aircraft airborne losses

Aircraft lost to air-base attack
Ground-force casualties and movement

Aircraft-delivered nuclear attacks
and battlefield nuclear engagements

NUCALC

¥
Alternate estimates of l FORCE2 }.{' FORCES J LEALCLOI ILOSSESI

the engaged ground forces
(see also REORG, REORDR)
FORCE1
VMAX CALC2B

LOSEAF

End-of-day bookkeeping, etc.

Stores, computes, and prints statistics and : -
histograms of results for intermediate days \ SUMRYZ Yes
(see also SUMRY3) More days?

Iﬁlﬂil Iﬂ“!!' No

Stores, computes, and prints statistics and T
histograms for end-of-battle results I SUMMRY J Yes

More trials?

No

Fig.7 — Organization and function of the TAGS subroutines
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to their functional role. The various factors are identified as to
whether they are mandatory, cqnditionaily mandatory, and so forth. With
a few noted exceptions, the factors listed in Appendix B either can be
coded in the subroutine INIT and/or input using the third card type,
unless they are to be treated as uncertain; if uncertain, input must

be by card.

The only inputs not discussed here are the empirically derived
data that describe the motion of the FEBA and the ground-combat casual-
ties; these data are coded into the VMAX and FEBAV subroutines and are
described in Sec. IV.

Appendix C lists the definitions for all of the elements of the
basic A and B arrays; Appendix D provides the internal notation used
in the new ground-war subroutines; i.e., FORCES, FEBAV, and NUCALC.
Extensive use of comments in the code itself should prove especially

helpful to prospective users.

TREATMENT GF UNCERTAINTY

A distinguishing feature of this ground-alr warfare model is the
inclusion of a facility to account for uncertainties among the param-
eters that enter into the model. TAGS allows the analyst to provide
an explicit specification of the uncertainties regarding the value of
various parameters. To elect this option, it is necessary to stipulate

the following three characteristics for each uncertain parameter:

1. The current best estimate or mode of the parameter.
2. The range of uncertainty for the parameter.
3. A frequency distribution from which sample values for the

parameter will be taken.

The current best estimate or mode of the parameter is the value Jjudged
today to be the most likely at the future date of interest. The range
of uncertainty measures the separation of the extreme values believed
plausible for the parameter under consideration. The frequency dis-
tribution specifies the analyst's estimate of the relative likelihood
of occurrence of the values between these extremes. Figure 8 illus-

trates these ideas.
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je——— Uncertain range ]

Type of
distribution

Best
estimate
(mode)

Relative 1ikellhood

Parameter value

Fig. 8--Characteristics of an uncertain parameter

It is also possible to introduce correlations among the trial
.values of various parameters. A special subroutine (CORREL) is avail-
able for encoding the desired correlations. A general discussion of
how such correlations can be introduced is presented in Ref. 13, pp.
70-74.%

When uncertainties are to be treated explicitly, each case will
consist of a series of trial campaign calculations;+ for each campaign
sample values of the uncertain factors are selected from the specified
distributions. Summary results for each trial are stored. Intermediate
and final statistical summaries, including histograms, are produced for
certain selected parameters, including the movement of the FEBA and the
division and aircraft losses for each side. These summary statistics
provide a means for the analyst to assess the simultaneous influence of

uncertainty in several key parameters.

OQUTPUT OPTIONS

For each case the following outputs are generated:

e A list of the initializing force size data for both sides.

* ,
Although that discussion relates to a SIMSCRIPT-IT model, the
general principles apply to FORTRAN.

TCurrently, the upper limit of the number of trials per case is 50.
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A list of the constant and uncertain input parameters
and the associated values.

A list of the parameter change conditions.

A summary at the end of the war of the ground-force
losses and the aircraft sorties and losses (for single-
trial cases).

A statistical summary of the battle results (for
multiple-trial cases) that includes the mean, standard
deviation, minimum and maximum values, and a histogram
(with 10 intervals adjusted for the sample) for the

following parameters:

1. Movement of the FEBA.

2. Division losses for each side.

3. Remaining inventory of aircraft by type for each
side.

4, Aircraft losses for each side.
output options that can also be obtained for each case include:

A 1list of the initial values for the elements of the A
and B arrays.

Daily battle results for each nth day of the simulation
that includes (for each side): position of the FEBA;
number of divisions in reserve, undergoing recuperation,
and engaged; aircraft inventory (total and by type);
aircraft losses; number of sorties; and current supply.
An interim statistical summary .of the position of the
FEBA, division losses, and aircraft losses on selected

days for each trial.

In addition to these summary data, a substantial number of other

options are available for printing out various intermediate data on a

daily basis. These outputs were designed primarily for testing and

debugging but will also prove useful to the user on occasion. These

options are controlled by the three variables A(400), B(352), and B(398)
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and may be turned on and off whenever desired. A(400) specifies the
daily frequency with which certain additional daily data regarding
successful aircraft sorties and ground-force casualties will be printed;
B(352) and B(398) each control several different output options for the
ground forces and the air forces, respectively (values for B(352) of

~4, -2, -1, 1, 2, 3, 4 and for B(398) of -2, -1, 1, 2, 4 each produce
different sets of data; the distinctions are most easily understood

by studying a sample output in conjunction with the computer code).

INPUT DATA CARDS

Control Card
The first card in each data deck provides the value for six con-

trol variables. These variables are shown below.

Control Variables

1. NTRIAL is the number of replications of a particular
case, i.e., the sample size.
2. NMAX is the number of days to simulate per trial.
INPUT indicates the input mode. If equal to +1, the

first four types of input cards must be in-
cluded; if equal to ~1, the only requirements
are a control card and whichever type 3 and 4
cards are necessary to describe how the case
is to vary from the prior case.

4. TIPRIN1 specifies whether or not the initial values
for both sides will be printed. If equal to
0, the option will be bypassed. If equal to
+n, initial values will be printed for each
nth trial. If equal to -1, initial values
will be printed for the first trial only.

5. IPRIN3 indicates the frequency for which the results
of each day of battle will be printed. 1If
equal to 0, daily results are suppressed. If
equal to +n, the results for each nth day will
be printed for each trial. If equal to -n,
the results for each ntZ day and the last day
of battle will be printed for each trial.

6. IC@N1 indicates the frequency with which intermediate
statistical summaries are to be tabulated for
certain preselected variables. If equal to O,
no intermediate statistics are provided.
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The format for the control data card is:

Column

1-5

6-10
11-15
16-20

21-25
26-30

Number of replications (NTRIAL)
Number of days per trial (NMAX)
Input mode (INPUT)

- Print specification for the initial values of
parameters for both sides (IPRIN1)

Print specification for daily battle results (IPRIN3)

Frequency for which certain day battle statistics
will be tabulated and plotted (IC@NI1)

Force~Size Initializing Data

-

The four cards that follow the control card provide data on the

size of the Blue and Red forces.
each in an 8~column section of the card.

data for Blue; the other two initialize the Red forces.

(and their position in the A and B arrays) are as follows:

Parameter
Column Number
Card #1
1-8 1
9-16 2
17-24 3
25-32 5
33-40 118
41-48 119
49-56 120
57-64 121

INITIALIZING DATA

Inventory of fighter-type aircraft.
Inventory of attacker-type aircraft.
Inventory of bomber-type aircraft.
Number of divisions in conflict.

Daily fighter-type aircraft augmentation
rate in the theater.

Daily attacker-type aircraft augmentation
rate in the theater.

Dally bomber-type aircraft augmentation
rate in the theater.

Daily division augmentation rate.

Each card contains 10 data items,
The first two cards provide

The factors

Data

|

* ' :
A--denotes alphanumeric data; I--denotes integer data right ad-
justed in its field; F--denotes real numeric data.



Column

Parameter
Number

Card #1 (cont.)

65-72
73-80

Card #2
1-8

9-16
17-24
25-32
33-40

41-48

49-56

57-64

65-72

73-80

218
220

247
256
257
258
259

260

261

269

270

271
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Total number of SAMs in conflict.

Daily SAM augmentation rate.

Total division augmentation available.
Number of fighter-type aircraft shelters.
Number of attacker-type aircraft shelters.
Number of bomber~type aircraft shelters.

Number of fighter-type aircraft in
sanctuary.

Number of attacker-type aircraft in
sanctuary.

Number of bomber-type aircraft in
sanctuary.

Daily augmentation of fighter-type air-
craft in sanctuary.

Daily augmentation of attacker-type air-
craft in sanctuary.

Daily augmentation of bomber-~type aircraft
in sanctuary.

Uncertain and Constant Input Parameter Cards

A separate card is required for each parameter being input

model at this point.

zero_(except as specified in Appendix B).

Data

L]

Lo T I -

to the

The default value for all input parameters is

A parameter can be speci-

fied either as comnstant or uncertain, i.e., if the parameter is uncer-

tain, a different value for the parameter will be selected during each

trial from the distribution specified by the analyst.

these cards is as follows:

Column

1-5

6~10

Indicator for the Blue or Red side; for the
Blue side =

1, for the Red side = 2.

The parameter number (element number in the A or
B arrays).

The format for

Data

*
A--denotes alphanumeric data; I--denotes integer data rlght ad-
justed in its field; F--denotes real numeric data.
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11-15

16-20

21-30
31-40

41-80
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Data
Indicator for whether or not the parameter is constant.
If constant, input 0; if not, input 1. I

Frequency distribution type (only necessary if param-
eter is uncertain--see Fig. 9).

The best estimate or mode of the parameter. F

The range of uncertainty for the parameter (only
necessary if the parameter is uncertain). F

Comments supplied by the analyst to be printed in the
output. A

As currently implemented, a maximum of 200 cards of this type are

permitted.

Parameter Change Condition Cards

There are four different ways in which parameters can be changed

from their initialized values.

Type 1: A Blue parameter is to be changed to another value

when a certain Blue parameter (possibly the same)
falls within a certain range.

Type 2: A Red parameter is to be changed to another value

when a certain Red parameter (possibly the same)
falls within a certain range.

Type 3: A Red parameter is to be changed to another value

when a certain Blue parameter falls within a cer-
tain range.

Type 4: A Blue parameter is to be changed to another value

when a certain Red parameter falls within a certain
range.

One card is necessary for each change condition; the format to be em-

ployed is as follows:

%
Column ‘ Data
1-5 Change type number. I
6-10 Parameter number to be tested.

*
A--denotes alphanumeric data; I--denotes integer data right ad-
justed in its field; F--denotes real numeric data.
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A /4\'
0 1.0 0 1.0

Type | Type 2 Type 3

OP
(o]

0 ' 1.0 0 1.0 1.0
Type 4 Type 5 Type 6
1/1\ /\ /l\A
0 1.0 0 1.0 0 1.0
Type 7 Type 8 Type ¢
A 1 l\‘
o 1.0 0 1.0 0 1.0
Type 10 Type 11 ' Type 12
! .
i/\l/\A | | |
0 1.00 1.0 0 1.0
Type 13 Type 14 Type 15

Fig. 9--Uncertainty distributions
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. *
Column Data
11-20 Lower 1limit of the test range. F
21-30 Upper limit of the test range. F
31-35 Parameter number to be changed. I
36-45 The new value for the parameter. F

A maximum of 200 cards of this type are permitted. In using the param-
eter change condition cards, it is always important to remember that
each card will be reviewed at the beginning of each day's computation
in the order in which they occur in the data deck. This not only per-
mits the user substantial flexibility to "build in" a variety of
"dynamic" reactions, it also offers significant opportunities for error

if the user does not consider fully the possible implications of his
instructions.

Battlefield Descriptor Card

When the FEBAV ground-battle logic option is to be used (directed
by setting B(396) = 1.0), a battlefield descriptor card is required.
This card contains the values for two 30-element one~dimensional inte-
ger arrays that specify the type of defense and the nature of the
terrain in the first thirty 10-km intervals of Blue territory.T The
types of defense (as defined for ID on p. 89) are listed in columﬁs 1
through.30 and the terrain descriptors (IT, p. 89) are listed in
columns 41 through 70; an alphanumeric descriptor for the battle sector
represented may be placed in columns 37, 38, and 39; this descriptor

as well as the battlefield descriptors will be reproduced in the output.

INPUT DECK STRUCTURE

Each of the first four card types is mandatory for the first case;

the fifth type is optional (depending upon whether FEBAV is to be used).

*
A~-denotes alphanumeric data; I--denotes integer data right ad-
justed in its field; F--denotes real numeric data.

+Actually, interval #1 is from 10 to 20 km into friendly terri-
tory and interval #30 is the 300 to 310 km zone.
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An indefinite number of cards of the third and fourth types are per-
mitted (except that for the first case there must be at least one card
of each type and the maximum number is 200); the end of each of these
sets of cards must be designated by a blank card placed immediately
after the last card of each set. If a battlefield descriptor card is
to be included, it must follow the (second) blank card that follows

the last of the change condition cards.

Multiple Cases

‘Subsequent to the first case, one may either input an entirely new
case, using the data deck structure just described, or--as is especially
useful for treating the theater as several sectors and for sensitivity
analyses-~he may simply designate the conditions that are to be changed
from the preceding case. In either instance, the first card of any
subsequent case shall contain 99999 in columns 1 through 5 to indicate
that more cases are to be considered. If an entirely new set of data
is to be entered, the data deck (as described abové) is placed next.
This procedure may be followed for an indefinite number of new cases.
If, on the other hand, the next case is to be a variant on the prior
case, only a control card (with -1 in columns 14 and 15) and the input
parameter and parameter change condition cards that are to be changed
are required--along with their blank limitor cards. 1If the existing
value of B(396) is unity, a battlefield descriptor card is also required
to complete the variant; if B(396) is set to 2.0, no card is needed and
the battlefield descriptors operative in the prior case will be used.
An indefinite number of variants may be run except that there may be
no more than a total of 200 input parameter cards or 200 parameter
change condition cards for any sequence of a base case plus variants.
Any number of entirely new cases and variants thereof that meet these
constraints may be handled in one computer run.

In using this option, which permits the user to quickly describe
a series of variations on a base case, it is especially important to
remember that all cards in the base case and all subsequent cards in
the variants are retained in the computer memory and all of the inputs

are made at the beginning of a new variant in the order in which those
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cards were originally read in. Furthermore, all of the change condi-
tion cards are checked every day, again in the order in which they were
read in. If the user is careless, it is quite possible that he will-
later find that he has defined battle conditions quite differenﬁly than
he had intended. To assist the user in maintaining a clear picture of
the sequence for these inputs, the order in which each change condition
card was read in is noted in the first column of the printout, numbered

consecutively from the base case through all the variants.
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Appendix B

INPUT DATA LISTINGS

The input data in use in TAGS, both mandatory and optional, are
grouped here according to their function. Those factors that control
ground warfare are listed first; they are separated into the several
options and features described in Sec. IV. The air-warfare factors
are listed next. The definitions presented for the air-warfare factors
are, in some cases, those that are appropriate wheﬁ using the logic
that provides for several different types of aircraft (i.e., the CALCB
and CALCR subroutines); if those elements of logic are not to be used,
the alternate definition listed in Appendix C applies.

The first column of these input data listings identifies which of
the input data arrays is involved, and the second column identifies the
element number. Thus B and 396 identify the input parameter B(396),
and the definition that follows applies only for that parameter. On the
other hand, A Bsand 371 precede a definition that is appropriate both
for A(371) and B(371), i.e., both for the Blue and the Red forces.

The third column contains special symbols that summarize a variety
of constraints that apply to these input data. If no entries appear in
this usage column, there are no usage constraints and the use of this
factor is entirely optional; if the user does not input a value, the
default value is zero unless otherwise specified. The several symbols

used in this column are defined as follows:

M Mandatory: A value must be input for each of these factors.

C Conditionally mandatory: When the relevant condition is
ambiguous, it is specified by listing the relevant element
numbers; e.g., C330 denotes a factor for which a value is
mandatory if the B(330) switch is "on'" (i.e., set to unity).

* Data that will nominally be listed on the force-size initial-
izing cards.

+ A factor for which uncertainties may not be treated explicitly.
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U An air-warfare-related factor that is only operative when
the CALCB and CALCR subroutines are to be used.

D The definition for these air-warfare factors is dependent
upon the value of A(330). If A(330) =1, i.e., when the
CALCB and CALCR subroutines are used, the elements deal
with aircraft types, not classes, and the references to
aircraft types apply. If A(330) = 0, the elements deal
with aircraft classes and are as defined when the paren-

thetical references to aircraft types are-ignored.

Notes referenced in the usage column appear at the end of the

appendix.
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GROUND COMBAT INPUT DATA LISTING

Array | Element Usége ) Definition
A 16 M Ratio of the strength of an enemy division to that of a friendly division.
B 66 When unity and Blue stronger, Blue sustains defensive casualties, FEBA
doesn't advance.
272 ci8 Number of troop target units per division.
58 c18 Exponent governing number of troop units in a damaged friendly division.
VELOCITY - CASUALTIES
A 8 281 M Multiplier of computed troop casualty rates; A for defensive force,
B for offensive.
A 282 Multiplier for nominal estimate of FEBA velocity {default=1).
VMAX
A 16 c(a) Average velocity of advance of a theater front in the face of negligible
enemy opposition (miles per day). Varies with position if A(]]Eg initially
equals 1000,
A 252 ¢
A 253 o Constants used in determining the rate of movement of the front line.
A 254 c
A 310 FEBA stopped if force ratio falls to lower value.
FEBAV
B 396 + Switch: Activates FEBAV when->0; if =1, accepts new defense descriptors;
if =2, uses prior values.
A B 376 Days for friendly forces to prepare a deliberate defense.
A B 377 Velocity threshold; deliberate defenses may be prepared at lower velocity.
A 396 Engaged forces adopt positional defense if force ratio does not exceed.
B 309 Required reserve reduced to B(309) of nominal value when FEBA less than
4 km/day (default value is 1).
B 306 (b)) - Switch: MHass and breakthrough logic actuated when >0.
30 Breakout time; if, after failing to broach a prepared defense, Red can
project breakthrough in this or fewer days, Red will reattack (default = 1000).
B 307 + (See CAS factors)
ENGAGED FORCE
A B 5 M* Initial number of friendly division equivalents in theater/&ivisions
currently engaged.
A B 121 * Humber of friendly division equivalents brought into the theater per day.
A B 247 M*+ Total augmentation of friendly division slices.
CALCLO
A 184 + Switch: I unity, FEBA velocity affected by recent casualty history.
184 C Number of days over which offensive casualty rate is summed.
AR B 185 C Least offense casualty rate sum that influences FEBA advance rate.
186 C Of fense casualty rate sum for zero advance.
FORCES
B 330 + Switch: Activates FORCES if =1.
A B 331 o Number of units inttially in engaged force,
A B 332 Unit is withdrawn if survival falls below this threshold.
A 352 T Switch: Casualties randomized when unity.
313} cle) Maximum number of Red divisions permitted in combat.
351 Maximum allowable Red/Blue force ratto.
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Array | Element | Usage Definition
RESERVES
A 345 Reserves as fraction of combat forces at unity force ratio.
B 345 Reserves as fraction of combat troops for nigh Red/Blue force ratios.
A 346 Red/Blue force ratic for zerc reserves.
B 346 Force ratio below which reserve requirements are reduced.
A 351 + Switch: When unity actuates MODIFY logic that varies maximur
Red/Blue force ratio.
POOL
A B 335 Initial stock of individual replacements (ADE).
A B 336 Daily augmentation of individual replacements (ADE).
A B 337 Fraction of the "available" force {and, when >1, of the "forward
reserve"), usable for individual replacement.
A B 338 Individual replacement effectiveness as fraction of no~inal level.
A B 339 Learning factor; fraction ineffectiveness regained daily.
A B 357 Days required for Pool forces to reach combat.

DAMAGE AND REPAIR

A B 358 Vehicles damaged per vehicle killed in conventional ground action.
A B 364 Vehicles damaged per vehicle killed by air action,
A B 365 Vehicles damaged per vehicle killed by atomic action.
A B 356 . Days delay for vehicular repair,
A B 359 Theater vehicular repair capacity (ADE/day).
A B 360 Fraction repair capacity allocated to a sector.
FIELD RESERVE
A B 362 Initializes field reserver; then unrepaired damage.
*
A B 363 Maximum allowable field reserve as a fraction of the engaged force. ¥
RECUPERATION
A B 333 €330 rDays for unit to recuperate,
RESOURCE ACCOUNTING
A B 350 + | Switch: Resource constraints active when =1,
A B 348 Initial/current stock of RNR replacements (ADE).
A B 347 Daily augmentation of RNR replacements {ADE).
A B 349 Fraction of the "available" force (and, when >1, of the "forward
reserve”) usable as stock for RNR replacements.
CANNIBALIZATION
A B 355 t+ Cannibalize rather than rebuild RNR units when =1.
A B 354 o Days delay to return cannibalized forces (must be< A(333)).
A B 353 C Efficiency of cannibalized RNR forces.

Default value = A(336) - A(357); use 0.0001 if zero desired.
2 4
Initialize A(363) to a large value (e.g., 100) if field reserve to be unconstrained.
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Array lE1ement ] Usage [ Definition

SUPPLY DATA

> P B> P D> >

>

(= N v = S« B - B v~ T o - B v o B « - ]

o W

C 123

228
229

59
139
140
141
143
142

133

Initial supply capacity (KT/day) to the theater/sector.
Theater/sector stock: Multiple of capacity.
Fraction stock not at risk.
Supply requirement per fighter sortie {fraction initial capacity).

" " " attacker " ( " " " ).

" " "  bomber " { " " " ).
Supply requirement per division per day (fraction initial capacity).

" " to move a division to the front (fraction initial
capacity)(must be >0)

Fraction capacity decrease per mile advance.
Fraction capacity decrease per mile per day advance.

BATTLEFIELD NUC

LEAR CONFLICT

A B 18 + Battlefield nuc conflict switch (normally 0.0; 1.0 for attack).
A B 31 Fraction enemy troop-units targetable without ac recce.

BATTLEFIELD NUCLEAR FIRE UNITS
A B 286 c Short-range fire units: Number per division.
A B 287 c " " " " ¢ Daily firing rate (max.).
A B 288 c " " " " : Theater weapon stockpile.
A B 163 " " " " 1 Fraction enemy troop units within range.
A B 164 " " " " ¢ Fraction enemy short-range fire units within range.
A B 289 [« Long-range fire units: Number per division.
A B 290 ¢ v » " " ¢ Daily firing rate (max.).
A B 291 c " " " " : Theater weapon stockpile.
A B 374 Relative targeting priority of fire units to troop units {default = 2).
A B 375 Fraction of enemy troop units and short-range fire units within range

of short-range fire units (default = 0,75).

BATTLEFIELD RECONNA ISSANCE

A B 292 C Recce sorties required to sweep battle area; if a negative value, target
fraction is given by 371, 372, 373.

A B an Fraction of enemy short-range fire units at risk.
A B 372 Fraction of enemy long-range fire units at risk,
A B 373 Fraction of the rearward troop units at risk {i.e., other than A(31)).
A B 293 Probability that a reconmaissance pass detects enemy short-range fire unit.
A B 294 " "o " “ " “  long-range fire unit,
A B 295 " v " " " " troop unit.
A B 296 Probability that short-range weapon catches and kills short-range fire unit,
A B 297 Fraction enemy TROOP UNIT caught and killed by short-range weapon.
A B 298 Probabilfty that long-range weapon catches and kills short-range fire unit.
A Bv 299 " "o " " " " “ long-range fire unit.
A B 300 Fraction enemy TROOP UNIT caught and killed by long-range weapon.
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AIR WARFARE INPUT DATA LISTING

Array l Element l Usage [ Definition
AJR WARFARE LOGIC OPTION
A 330 Switch: If unity,the air-warfare logic will use

CALCB and CALCR to permit several aircraf; types
to be represented and several special options to

be used.
AIRCRAFT NUMBERS
A B 1 M* Inventory of fighter class aircraft.
A B 2 M Inventory of attacker class aircraft.
A B 3 M Inventory of bomber class aircraft.
A B 259 * Curvent number of friendly fighters in sanctuaries.
A B 260 * Current number of friendly attackers in sanctuaries.
A B 261 * Current number of friendly bombers in sanctuaries.

AIRCRAFT NUMBERS BY TYPE (See App. C for definitions waen CALCB and CALCR ar:

not used)

A 8 150 l Fighter fraction of type AF1 or BF)
A B 151 +(d) Fighter fraction of type AF2 or BF2
A B 152 Fighter fraction of type AF3 or BF3
A B 155 Attacker fraction of type AAl or BAl
A B 156 +(d) Attacker fraction of type AAZ or BA2
A B 157 Attacker fraction of type AA3

A B 158 Attacker fraction of type AA4

A B .160 } +(d) Bomber fraction of type AB1 or BB!

A B 161 Bomber fraction of type AB2 or BB2

REINFORCEMENT RATES

A B 118 D= Daily rate for fighter (AF1 or BF1) aircraft brought into the theater
A B 119 D= Daily rate for attacker {AA3 or BAl) aircraft brought into the theater
A B 120 D Daily rate for bomber (AB1 or BB1) aircraft brought into the theater
A B 269 * Augmentation per day of friendly fighiers in sanctuaries
A B 270 > {e)* Augmentation per day of friendly attackers in sanctuaries
A B 271 * Augmentation per day of friendly bombers in sanctuaries
A B 26 U Daily rate for ABZ or AF3 aircraft brought into the theater
A B 39 U Daily rate for AF2 or BAZ aircraft brought into the theater
A 313 u Daily rate for AA2 aircraft brought into the theater
SPECIAL MOD - AB2 FILLERS
30 + Switch: Mod. operative if unity
A 303 c Number of AB2s initially withheld as filler aircraft
A 304 C Total daily AB2 reinforcement to the theater plus to the filler group

AIR BASE DATA
‘ NUMBER OF AIRFIELDS BY CLASS

20 M Number of friendly fighter aircraft airfields
A B 21 M Number of friendly attacker aircraft airfields
A B 22 M Number of friendly bomber aircraft airfields
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Array | Element | Usage Definition

NUMBER OF SHELTERS BY CLASS

A B 256 M* Number of friendly fighter shelters

A B 257 M* Number of friendly attacker shelters

A B 258 M* Number of friendly bomber shelters

SPECIAL ALLOCATION OPTIONS

A B 30 Ratio of friendly escort sorties per deep penetrator to escort

sorties per CAS sortie

A B 15 The expected number of nonaborted enemy air defense aircraft that
are prevented from engaging an escorted friendly sortie by a single
friendly escort aircraft

A 70 U Fraction of the potential AB1, AA2, and AB2 sorties assigned to attack
enemy airfields {priority in order noted)
B 70 U Fraction of the potential BA2 sorties assigned to attack enmemy airfields
A 100 U Fraction of the AF1 sorties to be allocated to the escort mission
(remainder air defense)
B 100 U Fraction of the BF2 sorties to be allocated to CAS (remainder air defense)
B 302 U Fraction of the RED attacker aircraft to be used for air defense

(use optional; once used, set to 0.0001 for zero)

A 388 1] Fraction of the AF2, AA2, and AB2 non-ABA sorties to be allocated to CSAM
B 388 U Fraction of the BF2, BA2, and B82 non-ABA sorties to be allocated to CSAM
A 389 U Fraction of the AF2,-AA2, and AB2 non-ABA sorties to be allocated to inter-
diction
B 389 v Fraction of the BF2, BA2, and BB2 non-ABA sorties to be allocated to inter-
diction
B 320 Fraction of the CSAM sorties flown in'CAS zone
31 U Fraction of the AB2 CAS sorties to be assigned for recce
B 3N U Fraction of the BA2 CAS sorties to be assigned for recce
SORTIE FACTORS
A B 144 M Fraction of current friendly aircraft inventory that are combat ready
A B 40 M Fraction of friendly sorties that do not abort
A B 134 MD Sorties per combat-ready friendly aircraft (ABl1 or BB1) per day for
sustained operation on an airfield strike
A 8 135 M Sorties per combat-ready friendly aircraft per day for sustained operation
on an interdiction mission
A B 136 MD Sorties per combat-ready friendly aircraft per day for sustained operation
on a CAS mission (and for AB2 and BB2 on ABA missions)
A B 137 M Sorties per combat-ready friendly aircraft per day for sustained operation
on an air defense mission
A B 138 M Sorties per combat-ready friendly aircraft per day for sustained operation
on an afr escort mission
A B 230 M Sorties per day per combat-ready friendly aircraft for sustained operation
on a counter-SAM mission
A 193 u- Used to increase AF2 CAS sortie rate to [A(136) + A{193)]
LOSSES
NON-COMBAT
A B 114 Fraction of friendly fighter sorties lost for reasons other than enemy action
A B 9 Fraction of friendly attacker sorties lost for reasons other than enemy action
A B 10 Fraction of friendly bomber sorties lost for reasons other than enemy action
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Array 14E1ement [7Usage l Definition
AAA-LOSSES
A B 67 Fraction of nonaborted friendly offense fighter sorties lost to enemy anti-
aircraft fire
A B 68 Fraction of nonaborted friendly offense attacker sorties Tost to enemy anti-
aircraft fire

A B 69 Fraction of nonaborted friendly offense bomber sorties lost to enemy anti-
aircraft fire

AIRFIELD ATTACKS
UNSHELTERED AC DATA

A B 23 Fraction of friendly aircraft inventory parked on friendly
airfields during an enemy airfield strike.
A B 312 Fraction friendly aircraft not in assigned shelters.
B 168 D Expected number of killing hits by conventional weapons on

enemy parked aircraft inflicted by a friendly fighter (AB2) sortie
successfully attacking enemy airfields.

A B 169 D Expected number of killing hits by conventional weapons on
enemy parked aircraft inflicted by a friendly attacker {AA2) sortie
successfully attacking enemy airfields.

A B 170 D Expected number of killing hits by conventional weapons on
enemy parked aircraft inflicted by a friendly bomber (AB1) sortie
successfully attacking enemy airfields.

A B 318 Nominal assumption re unsheltered enemy aircraft per airfield
{default = 20?
A B 319 Exponent used in empirical degradation of friendly ABA attacks on un-

sheltered AC

SHELTERED AC DATA

A B 262 D Expected number of enemy shelters hit by one effective friendly fighter
counter-air (AB2) sortie {aircraft killed if present).

A B 263 D Expected number of enmemy shelters hit by one effective friendly attacker
counter-air (AA2 or BA2) sortie (aircraft killed if present).

A B 264 0 Expected number of enemy shelters hit by one effective friendly bomber
counter-air (AB)] or BB1) sortie (aircraft killed if present).

A B 314 Probability friendly shelter destroyed if shelter hit. Only surviving

shelters targeted if >0; all targeted if <0

AIRFIELD DEFENSES

A B 222 Probability that a hostile fighter aircraft is destroyed while
attacking a friendly airfield.

A B 223 Probability that a hostile attacker aircraft is destroyed while
attacking a friendly airfield.

A B 224 Probability that a hostile bomber aircraft is destroyed while
attacking a friendly airfield.

A 8 316 Nominal number of friendly ABA sorties per enemy airfield (default = 20)

A. B 317 Exponent used for empirical variation of friendly airfield defense
effectiveness

SANCTUARY ATTACK OPTION

A B 321 Ur Switch: Friendly type #1 bomber usable against enemy sanctuary
when set to 1.

A B 322 c Fraction friendly AB1 aor BB1 sorties allocated to sanctuary attack,

A B 323 Number of bomber shelters in sanctuary.

A B 326 [ Fraction nominal ABA effectiveness vs unsheltered sanctuary AC.

A B 327 ¢ Fraction nominal ABA effectiveness vs sheltered sanctuary AC.
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combat.

Array |Element | Usage Definition
AIR DEFENSE

A B 29 Fraction of friendly air defénse sorties that are npositioned
to engage enemy CAS sorties.

A B 395 Relative 1ikelihood of forward air defense aircraft sighting
deep/shallow intruders.

A B 48 Probability air defense sortie detects intruder {only for forward
area if values specified for rear)

A B 394 Probability air defense sortie detects in rear area,

A B 315 Fraction interceptions sustained before munitions expended.

P
k's

A B 32 D Probability of a friendly air defense fighter (AF3 or CFI)
attacking and killing an enemy offense fighter aircraft after
air-to-air contact has been made.

A B 33 D Probability of a friendly air defense fighter (AF3 or BF1)
attacking and killing an enemy offense attacker aircraft
after air-to-air contact has been made.

A B 34 0 Probability of a friendly air defense fighter (AF3 or BF1)
attacking and killing an eneny bomber (BBZ or AB2) aircraft
after air-to-air contact has been made.

A B 41 u Air defense effectiveness multiplier for AFl or BAl aircraft.

B 193 u Air defense effectiveness multiplier for BF2 aircraft.
B 305 U Ratio of air defense P, vs AB1 to that vs AB2 (default = 1; use 10'6 for Q)
B 308 u Ratic of air defense P, vs BBl to that vs BB2 {default = 1; use 10_6 for 0)
JETTISON
B 393 Fraction of pilots that jettison payload when detected.
B 392 Ratio of air defense kill probability against enemy aircraft
that have jettisoned an1oad to that for those that have not
(default = 1; use 10-° for Q)
COUNTER AIR DEFENSE

A B 35 Probability of an enemy air defense aircraft being killed
by a friendly offense aircraft that has jettisoned its
munitions.

A B 391 Ratio probability of killing enemy interceptor if payload 6
has not been jettisoned to that when it has (default = 1; use 10
for 0}.

DAMAGED AIRCRAFT

A B 60 Ratio of the number of damaged friendly fighter aircraft

to the number of friendly fighter aircraft destroyed in air
R combat.

A B 61 Ratio of the number of damaged friendly attacker aircraft

to the number of friendly attacker aircraft destroyed in air
. combat,
A B 62 Ratio of the number of damaged friendly bomber aircraft

to the number of friendly bomber aircraft destroyed in air
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Array lE1ement [Usaqe ] Definition
SAM DEFENSES

A B 218 * Total number of active friendly SAMs.

A B 220 * Number per day of friendly SAMs brought into the theater.

A B 105 Fraction friendly SAM in forward (CAS) zone.

A B 110 ca1e Fraction friendly SAM per penetration corridor.

B m Maximum engagements per day per friendly SAM unit.
B 213 Probability a friendly SAM engages a non-CAS sortie (=ratio of cover-

age width to corridor width)

A B 218 Probability a friendly SAM engages a CAS sortie (=ratio of intruder swept
area to CAS ops area).

A B 215 SAM Py vs enemy penetrator.

A B 210 Fighter CSAM Pr

A B 21 Attacker/fighter CSA® Pks.

A B 212 Bombar/fignter CSAM Pks.

A B 225 Enery fighter CSAM sortie P, by friendly SAM

A B 226 Enemy attacker CSAM scrtie Py by friendly SAM

A B 227 Enemy bomber CSAM sortie P, by friendly SAM

A B 255 Ratio damaaed/destroyed friendly SAM

A B 221 Friendly SAM repair rate

AIRCRAFT A-BOMB ATTACKS

A B 4 A-bomb stockpile

A B 145 Daily A-bomb commitment on enemy fighter airfields

A B 146 Daily A-bomb commitment on enemy attacker airfields

A B 147 Daily A-bomb cormitment on enemy bomber airfields

A B 36 Fraction friendly fighter killed per A-bomb

A B 37 Fraction friendly attacker killed per A-bomb

A B 38 Fraction friendly bomber killed per A-bomb

A B 149 Daily A-bombs for CAS

A B 25 Expected number enemy troop units sighted and killed
per A-bomb

A B 148 Daily A-bombs for INTERDICTION

A B 28 Reciprocal A-bombs/day to reduce supply capacity to
one-half

CLOSE AIR SUPPORT

EFFECTIVENESS
A B 63 D Fraction of a hostile division killed by a successful fighter
’ (AF2 or BF3) sortie
A B 64 D Fraction of a hostile division killed by a successful attacker
(AA1 or BA2) sortie
A B 65 D Fraction of a hostile division killed by a successful bomber
(ABZ2 or BB2) sortie
A B 95 U Fraction of a hostile division killed by a successful
AA2 or BF2 sortie
A 96 U Fraction of a hostile division killed by a successful
AA3 sortie
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Array | Element | Usage Definition
OTHER FACTORS
A B 200 Fraction of the friendly theater CAS kill potential to be
used in the sector under study
A B 122 u Exponent used in an empirical relation used to degrade CAS
effectiveness estimates (see CALCR)
A 309 U Maximum number of improved Blue CAS weapons (default 10]0)
B 307 + When set =1, is varied with ground defense mode, to control
CAS effectiveness values
INTERDICTION DATA
A B 27 Reciprocal of fighter sorties required to reduce enemy capacity
to one-half.
A B 390 Fraction of the interdiction effort to be allocated to the sector
under study.
A B 11 Equivalent fighter sorties per attacker interdiction sortie.
A B 13 Equivalent fighter sorties per bomber interdiction sortie.
A B 115 Interdiction time lag in days.
NOTES:

(a) These conditional factors are mandatory if FEBAV is
not used (i.e., if B(396) = Q).

(b) The switch controlling the mass and breakthrough
logic is of a special nature: The integer part of
the input value is interpreted as the number of days
over which the attack on a prepared/deliberate de-
fense is sustained; the fractional part is identified
as the factor K in the relation F* = F + K*X*D (see
p. 32). T

(c) 1If FORCES is in use (i.e., if B(330) = 1), ome of
these two constraints must be specified; if both
are specified, B(313) cancels B(351).

(d) These fractions must sum to unity, or the computation
will be cancelled in CALC.

(e) These definitions apply when the CALCB and CALCR rou-

tines are in use (i.e., when A(330) = 1). Whenever

any one of the aircraft types (other tham those speci-
fied by 118, 119, or 120) is reinforced, the reinforce-
ment rates for all other members of its class must be
redefined on the following day(s).
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Appendix C

DEFINITIONS FOR THE A AND B ARRAYS

Definitions for the 400 elements of the A and B data arrays are
listed here in numerical order. In some cases, the definitions aré
different when CALCB and CALCR are used than when they are not; these
distinctions are noted. Those elements for which values are generated
internally and are not to be given input values are denoted by brackets;

those elements for which no definition is given are not currently in use.
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DEFINITION
Element
Number BLUE (A Array) RED (B Array)
1 Inventory of fighter-type aircraft. same
2 Inventory of attacker-type aircraft. same
3 Inventory of bomber-type ajrcraft. same
4 Current stockpile of friendly atomic bombs. same
5 Current number of friendly division slices. same
6 [Ratio of current supply capability to [same]
original capability.]
7 [Distance of the phase (frant) line [same]
from its D-day position (friendly)
advance is positive.]
8 [Time in days.] [same]
9 Fraction of friendly attacker sorties same
lost for reasons other than enemy
action.
10 Fraction of friendly bomber sorties laost same
for reasons other than enemy action.
11 Ratio of the tons of supply prevented from same
reaching the front by a successful
friendly attacker interdiction sortie
to that prevented by a successful
fighter interdiction sortie.
12
13 Ratio of the tons of enemy supply prevented same
from reaching the front by a successful
friendly bomber interdiction sortie to
that prevented by a successful fighter
interdiction sortie.
14
15 The expected number of nonaborted enemy same
air defense aircraft that are prevented
from engaging friendly attack sorties
by a single friendly escort sortie.
16 Ratio of the strength of an enemy division same
slice to the strength of a friendly
division slice.
17 [intermediate factor] [same]
18 Switch -- when unity, friendly forces same
initiate battlefield nuclear activity.
19 [Intermediate factor] (same]
20 Number of friendly fighter afrcraft air- same
fields surviving,
21 Number of friendly attacker aircraft air- » same
fields surviving.
22 Number of friendly bomber aircraft air- same
fields surviving.
23 Fraction of friendly aircraft inventory same
parked on friendly airfields during an
eneny airfield strike.

[Bracketed terms for internal use only]
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DEFINITION
Element
Humber BLUE (A Array) RED (B Array)

24 The fraction of a friendly ground same
division slice equivalent to one
friendly CAS fighter sortie in
influencing the motion of the
phase line.

25 Expected number of enemy troop units same
sighted and killed by one atomic
bomb.

26 Daily aircraft reinforcement rate for AB2. {Daily afrcraft reinforcement rate for 8F3,

27 Reciprocal of fighter interdiction sorties same
required to reduce enemy supply capacity
to one-half.

28 Reciprocal of number of A-bombs per day same
required to reduce enemy supply capacity
to one-half,

29 Fraction of friendly air defense sorties same
that are positioned to engage enemy CAS
sorties.

30 Ratio of friendly escort sorties per deep same
penetration to escorc sorties per CAS
sortie.

3 Fraction of troop units targetable without same
recce.

32 Probability of a friendly air defense (AF3) Probability of a friendly air defense (BF1)
fighter attacking and killing an enemy fighter attacking'and killing an enemy
offense fighter aircraft after air-to- of fense fighter aircraft after air-to-
air contact has been made. air contact has been made.

33 Probability of a friendly air defense (AF3) Probability of a friendly air defense (BF1)
fighter attacking and killing an enemy fighter attacking and killing an enemy
offense attacker aircraft after air-to- of fense attacker aircraft after air-to-
air contact has been made. air contact has been made.

34 Probability of a friendly air defense (AF3) Probability of a friendly air defense (BF1)
fighter attacking and killing an enemy fighter attacking and killing an enemy
offense bomber aircraft after air-to- offense bomber aircraft after air-to-
air contact has been made. air contact has been made,

35 Probability of an enemy air defense air- same
craft being killed by a friendly offense
aircraft in an air-to-air duel.

36 Probability of an aircraft parked on a same
friendly fighter airfield being de-
stroyed by an enemy atomic bomb. }

37 Probability of an aircraft parked on a same
friendly attacker airfield being de-
stroyed by an enemy atomic bomb.

38 Probability of an aircraft parked on a same
friendly bomber airfield being de-
stroyed by an enemy atomic bomb.

39 Daily aircraft reinforcement rate for AF2.| Daily aircraft reinforcement rate for BA2.

40 Fraction of friendly sorties that do not same
abort.

41 Air defense effectiveness multiplier for Air defense effectiveness multiplier for BAIl
AF1 aircraft, alrcraft.

42 [Number of enemy divisions killed by [same]
friendly nuclear attacks.]

43 [Init{al number of divisions.] [same]

[Bracketed terms for internal use only)
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Element
Number

DEFINITION

BLUE (A Array)

RED (B Array)

44

45

46

47

48

49

50

51

52

53

54

56

56

57

58

59

60

61

62

63

[Position of front line on the previous
day.]

[Movement of front line on the previous
day.]

[Probability a friendly fighter escort
is killed in aerial combat.]

[Probability a friendly attacker escort
is killed in aerial combat.)

Fraction of nonaborted friendly air
defense aircraft that make a success-
ful interception,

[Probability of a friendly fighter air-
craft being destroyed in air combat by
enemy defense fighters before reaching
a deep penetration target.]

(Probability of a friendly attacker air-
craft being destroyed in air combat by
enemy defense fighters before reaching
a deep penetration target.]

[Probability of a friendly bomber aircraft
being destroyed in air combat by enemy
defense fighters before reaching a deep
penetration target.]

[Probability that a friendly fighter air-
craft reaches a deep target without
being destroyed or damaged in air combat.
combat.]

[Probability that a friendly attacker air-
craft reaches a deep target without be-
ing destroyed or damaged in air combat.]

[Probability that a friendly bomber afr-
craft reaches a deep target without be-
ing destroyed or damaged in air combat.]

{Probability that a friendly fighter escort|
aircraft survives without being destroyed
or damaged.]

[Probability that a friendly attacker
escort aircraft survives without being
destroyed or damaged.]

Exponent governing number of troop units
in a damaged friendly division.

Fraction of the original friendly supply
capacity that cannot be interdicted by
the enemy.

Ratio of the number of damaged friendly
fighter aircraft to the number of
friendly fighter aircraft destroyed
in air combat.

Ratioc of the number of damaged friendly
attacker aircraft to the number of
friendly attacker aircraft destroyed
in air combat.

Ratio of the number of damaged friendly
bomber aircraft to the number of friendly
bomber aircraft destroyed in air combat.

Fraction of a hostile division killed by
one successful friendly (AF2) fighter
CAS sortie.

[same]
[same]
[same]
(same]

same

[same]

[same]

[same]

[same]

[sﬁme}
[same]
[same]
[same]

same

same

same

same

same

Fraction of a hostile division killed by one
successful friendly (BF3) fighter CAS
sortie. :

[Bracketed terms for internal use only]
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Element DEFINITION
Number BLUE (A Array) RED (B Array)
64 Fraction of a hostile division killed by Fraction of a hostile divisioh killed by one
one successful friendly (AAl1) attacker successful friendly (BA2) attacker CAS
CAS sortie. sortie.
65 Fraction of a hostile division killed by Fraction of a hostile division killed by one
one successful friendly (AB2) bomber successful friendly (BB2) bomber CAS sortie.
CAS sortie.
66 Used to transfer the CALCLO FEBA slowdown [When unity, and Blue is stronger, Blue will not
factor. attack and only will sustain defensive
Tosses.
67 Fraction of nonaborted friendly offense same

fighter sorties lost to enemy anti-
aircraft fire.

68 Fraction of nonaborted friendly offense same
attacker sorties lost to enemy anti-
aircraft fire.

69 Fraction of nonaborted friendly offense same
bomber sorties lost to enemy anti-
aircraft fire.

70 Fraction of the potential AB1, AA2, and Fraction of potential BA2 sorties assigned
AB2 sorties that are assigned to ABA to ABA.
(priority in order noted).

71 {Probability of a friendly fighter CAS air- [same]
craft being destroyed in air combat by
enemy defense fighters before reaching
target.]

72 [Probability of a friendly attacker CAS [same]
aircraft being destroyed in air combat
by enemy defense fighters before reach-
ing target.]

73 [Probability of a friendly bomber CAS air- [same]
craft being destroyed in air combat by

enemy defense fighters before reaching
target.]

74 | [Probability that a friendly fighter CAS [same]
aircraft reaches its target without
being destroyed or damaged in air
combat. ]

75 | [Probability that a friendly attacker CAS [same]
aircraft reaches its target without be-
ing destroyed or damaged in air combat.]

76 | [Probability that a friendly bomber CAS [same]
aircraft reaches its target without be-
ing destroyed or damaged in air combat.]

77 [Probability of an engaged friendly air [same]
defense aircraft being destroyed in air
combat by eneny offense aircraft.]

78 [Probability of a friendly aircraft parked [same]
on an airfield being destroyed by con-
ventional-weapon enemy airfield strike
sorties.]

79 [Probability of a friendiy fighter air- [same]
craft parked on an attacked airfield
being destroyed by enemy atomic bombs.]

80 [Probability of a friendly attacker air- [same]
craft parked on an attacked afrfield
being destroyed by enemy atomic bombs.]

81 [Probability of a friendly bomber air- [same]
craft parked on an attacked airfield
being destroyed by enemy atomic bombs.]

82 | {(Number of friendly aircraft sorties [same]
generated by the fraction of the fighter
aircraft inventory assigned to airfield
strike per day.] .

[Bracketed terms for internal use only]



-70-

Element DEFINITION

Number BLUE (A Array) RED (B Array)

83 [Number of friendly aircraft sorties . [same]
generated by the fraction of the fighter
aircraft inventory assigned to inter-
diction per day.]

84 [Number of friendly aircraft sorties [same]
generated by the fraction of the fighter
aircraft inventory assigned to CAS per
day.]

85 [Number of friendly aircraft sorties [same]
generated by the fraction of the fighter
aircraft inventory assigned to air de-
fenses per day.]

86 [Number of friendly aircraft sorties [same]
generated by the fraction of the fighter
aircraft inventory assigned to escort
per day.]

87 [Number of friendly aircraft sorties [same]
generated by the fraction of the attacker
aircraft inventory assigned to airfield
strikes per day.]

88 [Number of friendly aircraft sorties fsame]
generated by the fraction of the attacker
aircraft inventory assigned to inter-
diction per day.]

89 [Number of friendly aircraft sorties {same]
generated bv the fraction of the
attacker inventory assigned to CAS
per day.]

90 [Number of friendly aircraft sorties {same]
generated by the fraction of the attacker
aircraft inventory assigned to air
defense per day.]

91 [Number of friendly aircraft saorties [same]
generated by the fraction of the attacker
aircraft inventory assigned to escort
per day.]

92 [Number of friendly aircraft sorties [same]
generated by the fraction of the bomber
aircraft inventory assigned to air-
field strikes per day.]

93 [Number of friendly aircraft sorties [same]
generated by the fraction of the bomber
aircraft inventory assigned to inter-
diction per day.]

94 [Number of friendly aircraft sorties [same]
generated by the fraction of the bomber
aircraft inventory assigned to CAS

per day.]

98 CAS effectiveness for AA2 sorties. CAS effectiveness for BFZ sorties.
96 CAS ef ~=tiveness for an AA3 sortie.

97 [Number of friendly fighter ABA sorties [same]
that arrive at their target.]

98 [Number of friendly fighter inter- {same]
diction sorties that arrive at their
target. ]

99 [Number of friendly fighter CAS sorties [same])
that arrive at their target.]

100 Fraction of the Af1 sorties assigned Fraction of the BFZ sorties assigned to
to escart. CAS.

101 {Number of friendly fighter escort
sorties that arrive at their target.] [same]

102 |[Number of friendly attacker ABA sorties [same]
that arrive at their target.]

[Bracketed terms for internal use only]
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DEFINITION
Element
Humber BLUE (A Array) RED (B Array)

103 [Number of friendly attacker interdiction [same)
sorties that arrive at their target.]

104 [Number of friendly attacker CAS sorties [same]
that arrive at their target.]

105 Fraction of friendly SAM in forward (CAS) same
zone.

106 [Number of friendly attacker escort [same]
sorties that arrive at their target.]

107 [tlumber of friendly bomber ABA sorties [same]
that arrive at their target.]

108 [Number of friendly bomber interdiction {same}
sorties that arrive at their target.]

109 [Number of friendly bomber CAS sorties [same]
that arrive at their target.]

110 Fraction of friendly SAM per enemy pene- same
tration corridor.

m Maximum engagements per day for friendly same
SAM units.

12 Number of AF3 aircraft brought into Number of BF2 aircraft brought into the theater
the theater per day. per day.

113 Number of AAT aircraft brought into the Number of BBZ aircraft brought into the theater
theater per day. per day.

114 Fraction of friendly fighter sorties Tost same
for reasons other than enemy action.

115 Time in days at which the maximum rate of same
reduction of the enemy supply through-
put is achieved as a result of a con-
stant friendly interdiction campaign
(80 percent of the possible reduction
resulting from the interdiction campaign
occurs at 3T]).

Nneé Average velocity of advance of a theater [same]
front in the face of negligible enemy
opposition (miles per day). Used only
with VMAX. (If initialized to 1700,
value will vary with position as speci-
fied in VMAX.)

117 [Number of friendly atomic bombs de- [same]
livered per day against enemy airfields.]

118 Number of friendly (AF1) fighter air- Number of friendly (BF1) fighter aircraft brought
craft brought into the theater per day. into the theater per day.

119 Number of friendly (AA3) attacker air- Number of friendly (BAl) attacker aircraft brought
craft brought into the theater per day. into the theater per day.

120 Number of friendly (AB1) bomber air- Number of friendly (BB1) bomber aircraft brought
craft brought into the theater per day. into the theater per day.

121 Number of friendly division slices brought same
into the theater per day.

122 Exponent used in the CAS degradation re- same
lationship. (See subroutine CALCR)

123 Fraction of original friendly supply same
capability Co lost for each mile per
day the friendly forces advance
{equals zero during friendly
withdrawal).

124 [Intermediate factor] [same]

125 [Intermediate factor] [same]

126 [Intermediate factor] [same]
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Element
Number

DEFINITION

BLUE (A Array)

RED (B Array)

127

128

129

130
131
132
133

135
136
137
138
138
140
141

142

143

145
146

147

[Expected number of parked enemy aircraft
killed by friendly aircraft attacking
enemy airfields with conventional
weapons . ]

[Expected number of killing hits made on
parked enemy aircraft by friendly air-
craft strafing enemy airfields with
conventional weapons.]

[Expected number of killing hits made on
parked enemy aircraft by friendly air-
craft bombing enemy airfields with
conventional weapons.]

[Intermediate factor]
[Intermediate factor]
{Intermediate factor]

Fraction of original friendly supply
capability Co lost per mile of the
friendly ground force advance or gained
per mile of friendly withdrawal.

Sorties per combat-ready friendly air-
craft per day for sustained operation
on an airfield strike mission,

Sorties per combat-ready friendly aircraft
per day for sustained operation on an
interdiction mission.

Sarties per combat-ready friendly aircraft
per day for sustained operation on a
CAS mission.

Sorties per combat-ready friendly aircraft
per day for sustained operation on an
air defense mission.

Sorties per combat-ready friendly air-
craft per day for sustained operation
on an escort mission.

fraction of the original friendly supply
capacity consumed by friendly fighter
aircraft sortie.

Fraction of the original friendly supply
capacity consumed by friendly attacker
aircraft sortie.

Fraction of the original friendly supply
capacity consumed by friendly bomber
aircraft sortie.

Fraction of the original friendly supply
capacity required to transport a
friendly division reinforcement to
the front,

Fraction of the original friendly supply
capacity used by a friendly division
slice per day during normal operations.

Fractfon of current friendly aircraft
inventory that is combat ready.

Number of friendly atomic bombs 1ifted
per day against enemy fighter air-
fields.

Number of frigndly atomic bombs 11 fted
per day against enemy attacker air-
fields.

Number of friendly atomic bombs 1ifted
per day against enemy bomber air-
fields.

[samel

[same]

[same]

[same]
{same]
[same]

same

same

same

same

same

same

same

same

same

same

same

same

same

same
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DEFINITION
Element
Number BLUE (A Array) RED (B Array) -
148 |[Number of friendly atomic bombs lifted same
per day against interdiction targets.
149 |[Number of friendly atomic bombs 1ifted same
per day against CAS targets.
TAGS V OPTION A(330) = O. RECENT AIR-WAR OPTION A(330) = 1.0
A and B Arrays BLUE (A Array) RED (B Array)
150 |Fraction of friendly combat~ Fighter fraction of type Fighter fraction of type
ready fighter aircraft AF1 aircraft, BF1 aircraft.
assigned to airfield strike.
151 |[Fraction of friendly combat- Fighter fraction of type Fighter fraction of type
ready fighter aircraft AF2 aircraft. BF2 aircraft.
assigned to interdiction,
152 |Fraction of friendly combat- Fighter fraction of type Fighter fraction of type
ready fighter aircraft AF3 aircraft. BF3 aircraft.
. assigned to CAS,
153 |Fraction of friendly combat- {do not use] [do not use]

ready fighter aircraft
assigned to air defense.

154 |[Fraction of friendly combat- [do not use] [do not use]
ready fighter aircraft
assigned as escort.

185 {Fraction of friendly combat= Attacker fraction of type Attacker fraction of type
ready attacker aircraft AAY aircraft. BAT1 aircraft,
assigned to airfield strike.
156 {Fraction of friendly combat- Attacker fraction of type Attacker fraction of type
ready attacker aircraft AA2 aircraft. BAZ aircraft.
assigned to interdiction.
157 |Fraction of friendly combat- Attacker fraction of type [do not use]
ready attacker aircraft AA3 aircraft.
assigned to CAS.
158 |{Fraction of friendly combat- Attacker fraction of type [de not use]
ready attacker aircraft AA4 aircraft.
assigned to air defense,
159 |Fraction of friendly combat- [do not use] [do not use]

ready attacker aircraft
assigned as escort.

160 |[fraction of friendly combat- Bomber fraction of type Bomber fraction of type
ready bomber aircraft AB1 aircraft, BBl aircraft.
assigned to airfield strike. i

161 {Fraction of friendly combat- Bomber fraction of type Bomber fraction of type
ready bomber aircraft AB2 aircraft. BB2 aircraft.
assigned to interdiction,

162 |[Fraction of friendly combat- [do not use] {do not use]

ready bomber aircraft
assigned to CAS.

163 |Fraction enemy troop units in range of same
short-range fire units,

164 [fraction enemy short-range units in same
range of short-range fire units.

165 |[This variable is used in intermediate [same]
calculations of changes in aircraft
inventories.]

166 |[This variable is used in intermediate " [same)
calculations of changes in aircraft
fnventories.]

167 |[This variable is used in intermediate [same)
calculations_of changes in aircraft
inventories.]

[Bracketed terms for internal use only]
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Element DEFINITION
Number BLUE (A Array) RED (B Array)
168 Expected number of killing hits by con-

169

170

m

172

173

174

175

176

177

178

179

180

181

183

184

185

186
187

ventional weapons on parked enemy air-
craft inflicted by a friendly fighter
(AB2) sortie successfully attacking
enemy airfields.

Expected number of killing hits by con-
ventional weapons on parked enemy air-
craft inflicted by a friendly attacker
(AA2) sortie successfully attacking
enemy airfields.

Expected number of killing hits by con-
ventional weapons on parked enemy air-
craft inflicted by a friendly bomber
{AB1) sortie successfully attacking
enemy airfields.

[This variable is used in intermediate
calculations of changes in aircraft
inventories.]

[This variable is used in intermediate
calculations of changes in aircraft
inventories.]

{This variable is used in intermediate
calculations of changes in aircraft
jnventories.]

{This variable is used in intermediate
calculations of changes in aircraft
inventories.]

[This variable is used in intermediate
calculations of changes in aircraft
inventories.]

[This variable is used in intermediate
calculations of changes in aircraft
inventories.]

[Total number of friendly atomic bombs
1ifted per day against enemy air-
fields.]

(This variable is used in intermediate
calculations of changes in aircraft
inventories.]

[This variable is used in intermediate
calculations of changes in aircraft
jnventories.

{This variable is used in intermediate
calculations of changes in aircraft
inventories.]

[This variable is used in {ntermediate
calculations of changes in aircraft
inventories.]

[This variable is used in intermediate
calculations of changes in aircraft
inventories.]

[This variable is used in intermediate
calculations of changes in aircraft
inventories.]

When unity,. FEBA velocity influenced
by multi-day sum of offense casualty
rate (see App. B, and CALCLO).

Least offense casualty rate to in-
fluence FEBA advance rate.

Offense casualty rate for zero advance.

[Total change {n fighter aircraft in-
ventory per day.]

Expected number of killinag hits by con-"
ventional weapons on parked enermy air-
craft inflicted by a friendly fighter
sortie successfully attacking enemy
airfields.

Expected number of killing hits by con-
ventional weapons on parked enemy afr-
craft inflicted by a friendly attacker
(BA2) sortie successfully attacking
enemy airfields.

Expected number of killing hits by con-
ventional weapons on parked enemy air-
craft inflicted by a friendly bomber

(BB1) sortie successfully attacking
enemy airfields.

[same]

[same]

[same]

[same]

[same]

[same]

[same]

[same]

[same]

[same}

{same]

[same]

[same]

INumber of days over which offense casualty rate

is summed for test of casualty level in
CALCLO Yogic.

same

same

[same]
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Element
Number

DEFINITION

BLUE (A Array)

RED (B Array)

188

189

190

191

152

193

194

195

196

197

198

199

200

201

202

204

205

206

207

[Total change in attacker aircraft
inventory per day.]

[Total change in bomber aircraft
inventory per day.

[Troop casualty rate due to ground con-
fiict.]

[Change per day in number of friendly
division slices.]

[Ratio of current friendly supply require-
ments to original friendly supply capa-
bility (both in tons per day).]

Used to increase AF2 sortie rate to
(A(136) + A(193)).

[Change per day in positien of the front
line (positive is advance by friendly
side).]

[Reinforcement rate of friendly
division slices per day.]

[Current number of full-strength
friendly division slices supplied by
existing friendly supply system.]

[Number of friendly atomic bombs de-
Tivered per day against enemy fighter
airfields.]

[Number of friendly atomic bombs de-
livered per day against enemy
attacker airfields.]

[Number of friendly atomic bombs de-
livered per day against enemy air-
fields.]

Fraction of the friendly CAS capa-
bility that is used in the sector
being examined.

Fraction of friendly combat-ready
fighter aircraft currently assigned
to a counter-SAM mission.

Fraction of friendly combat-ready
attacker aircraft currently assigned
to a counter-SAM mission.

Fraction of friendly combat-ready bomber
aircraft currently assigned to a
counter-SAM mission.

[Number of friendly atrcraft sorties
generated by the fraction of the
fighter aircraft inventory assigned
per day to counter-SAM str1kes.ﬂ

[Number of friendly aircraft sorties
generated by the fraction of the
attacker aircraft inventory assigned
per day to counter-SAM strikes.]

[Number of friendly aircraft sorties
generated by the fraction of the
bomber afrcraft inventory assigned
per day to counter-SAM strikes.]

[Number per day of friendly fighter
CSAM sorties that arrive at their
target.]

[same]
[same]

[same]

[same]

[same]

Air defense effectiveness multiplier
for BF2 aircraft.

[Change per day in position of the front

line {negative is advance by friendly
side).]

[same]

[same]

[same]

[same]

[same]

same

same

same

same

[same]

{same]

[same]

[same]
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Element
Nurber

DEFINITION

BLUE (A Array)

RED {B Array)

208

208

210

2n

212

213

214

217
218

219
220

221

222

223

224

225

226

227

228

229

230

[Number per day of friendly attacker
CSAM sorties that arrive at their
target.]

{Number per day of friendly bomber CSAM
sorties that arrive at their target.]

Probability that an effective fighter
sortie on a counter-SAM mission de-
stroys a SAM, PSAM'

Ratio of probability that an effective
attacker sortie on a counter-SAM
mission destroys a SAM to pSAM‘

Ratio of probability that effective
bomber sortie on a counter-SAM missicn
destroys a SAM to PSAM‘

Probability that a friendly SAM engages
a non-close-support penetrator.

Probability that a friendly SAM engages
a CAS penetrator (SAM coverage/CAS
area).

Fraction of engaged penetrators killed by
a friendly SAM.

[Total probability of hostile aircraft
being destroyed by friendly SAMs
(€xcept close-support and counter-
SAM). ]

[Total probability of hostile CAS afr-
craft being destroyed by friendly
SAMs . ]

Total number of active friendly SAMs.
[Total number of damaged friendly SAMs.]

Number per day of friendly SAMs brought
into the theater.

Repair rate of SAMs (SAMs per day).

Probability that a hostile fighter air-
craft is destroyed while attacking
a friendly airfield.

Probability that a hostile attacker air-
craft is destroyed while attacking a
friendly airfield.

Probability that a hostile bomber air-
craft is destroyed while attacking a
friendly airfield.

Probability that a hostile fighter on a
counter-SAM mission is destroyed by
a friendly SAM.

Probability that a hostile attacker on a
counter-SAM mission is destroyed by
a friendly SAM.

Probability that a hostile bomber on a
counter-SAM mission is destroyed by
a friendly SAM.

Original supply capability in thousands
of tons per day {at day 0).

Supplies (fraction of original supply
capability) in theater on friendly
side.

Sorties per day per combat-ready
friendly aircraft for sustained
operation on a counter-SAM
mission.

[same]

[same]

same

same

same

same

same

same

[came]

[same]

same

[same]

same

same

same

Same

same

same

same

Same

same

same
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DEFINITION

Element
Number BLUE (A Array) RED (B Array)

231 [Current total friendly aircraft.] [same}

232 [Current total number of SAMs.] [same]

233 [Current supply capability in thousands [same]
of tons per day.]

234 [Cumulative Tosses of friendly division [same]
slices.]

235 [Cumulative losses of friendly aircraft [same]
(al1 types).]

236 [Cumulative losses of friendly SAMs [same]
{damaged and destroyed).]

237 [Cumulative friendly counter~air sorties.] [same]

238 [Cumulative friendly interdiction sorties.] [same]

239 | [Cumulative friendly CAS sorties.] [same]

240 [Cumulative friendly air-defense sorties.] [same]

241 [Cumulative friendly escort sorties.] [same]

242 [Cumulative friendly counter-SAM sorties.] [same]

243 [Cumulative friendly fighter sorties.] [same]

244 [Cumulative friendly attacker sorties.] [same]

245 [Cumulative friendly bomber sorties.] [same]

246 [CumuTative friendly sorties (all types).] [same]

247 Total augmentation of friendly division same
slices.

248 [Total effective CSAM sorties (in [same]
fighter-type equivalents).]

249 {Friendly losses per day of fighters [same]
on counter-air and CSAM missions.]

250 [Friendly losses per day of attackers [same]
on counter-air and CSAM missions,]

251 [Friendly losses per day of bombers on [same]
counter-air and CSAM missions.]

252 Constant used in determining the rate of
movement of the front line (L1).

253 Constant used in determining the rate of
movement of the front line (L,).

254 Constant used in determining the rate of
movement of the front line (Lj).

255 The ratio of the number of enemy SAMs same
damaged per enemy SAM destroyed.

256 Number of friendly fighter shelters. same

257 Number of friendly attacker shelters, same

258 Number of friendly bomber shelters. same

259 Current number of friendly fighters in same
sanctuaries.

260 Current number of friendly attackers same
in sanctuaries.

261 Current number of friendly bombers in same
sanctuaries,

262 Expected number of enemy shelters hit Expected number of enemy shelters hit

by one effective friendly fighter (AB2)
ABA sortie.

by one effective friendly fighter
ABA sortie,

[Bracketed terms for internal use only]
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Element DEFINITION
Number BLUE (A Array) RED (B Array)
263 Expected number of enemy shelters hit by Expected number of enery shelters hit by

264

265

266

267

268

270

2N

272

273

274

275

276

277

278

279

280

281

one effective friendly attacker (AA2)
ABA sortie.

Expected number of enemy shelters hit
by one effective friendly bomber (AB1)
ABA sortie,

{Probability of an aircraft in a friendly
shelter being destroyed by conventicnal
weapon enemy airfield strike sorties.]

{Number per day of friendly fighters de-
stroyed in shelters.]

[MNumber per day of friendly attackers
destroyed in shelters.]

[Number per day of friendly bombers
destroyed in shelters.]

Augmentation per day of friendly fighters
in sanctuaries.

Augmentation per day of friendly
attackers in sanctuaries.

Augmentation per day of friendly
bombers in sanctuaries.

Number of troop target units per division.

[Cumulative friendly aircraft losses
(all types) due to non-combat causes.]

{Cumulative friendly aircraft losses due
to enemy antiaircraft artillery.]

[Cumulative friendly aircraft losses
due to enemy air defense.]

[Cumulative friendly aircraft losses
due to enemy counter-air attacks.)

[Cumulative friendly aircraft losses
due to enemy SAMs and airfield
defense. ]

[Ratio of friendly to enemy ground
forces.]

Multipiier of computed defensive
troop casualty rate.

one effective friendiy attacker (BA2)
ABA sortie,

Expected number of enemy shelters hit
by one effective “rierdly bomber {R2])
ABA sortie.

[same]

[same]

[samel

[same]

Same

Same

Same

same

[same]

[same]

[same]

[same]

[same]

[same]

Multiplier of computer offensive troop casualty
rate.
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Element DEFINITION
Number BLUE (A Array) RED (B Array)

282 Multipliier of computed FEBA velocity. same

283 [Total daily friendly fighter losses.] [same]

284 [Total daily friendly attacker losses.] [same]

285 [Total daily friendly bomber losses.] [same]

286 Short-range fire units per division. same

287 Maximum daily firing rate for short-range same
units.

288 Theater stockage of short-range rounds. same

288 Long-range fire units per division. same

290 Maximum daily firing rate for long- same
range units.

29 Theater stockage of long-range rounds. same

292 Sorties raquired to swaep enemy battle area. same
If a negative value is used, targets at
risk are given by elements 371, 372, 373.

293 Probability a recce sortie detects an same
enemy short-range fire unit in one pass.

294 Probability a recce sortie detects an same
enemy long-range fire unit in one pass,

295 Probability a recce sortie detects an same
enemy troop unit in one pass.

296 Probability a short-range weapon catches same
and kills an enemy short-range unit.

297 Expected number of troop units caught same
and killed by a short~range weapon.

298 Probability a Tong-range weapon catches same.
and kills an enemy short-range unit.

299 Probability a long-range weapon catches same
and kills an enemy long-range unit.

300 Expected number of troop units caught same

and killed by a long-range weapon.

[Bracketed terms for internal use only]
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DEFINITION
Element
!lurber BLUE (A Array) RED (B Array)
301 [f unity, AB2s withdrawr from filler stock|Breakout time, if, after failing to broach a pre-
to fill shelters. pared defense, Rad can project breakthrough
in this or fewer days, Red will reattack.
392 [Total AB2s committed to combat] Fraction Red attacker aircraft used
for air defense; use 0.0001 for zero.
{Use optional)
303 AB2s initially in stock for fillers, {Ratio AB2 air defense losses to total Blue bomber
air defense losses.]
304 Daily tota) AB2 augmentation to theater {Rafio of average air defense Pk vs Blue bombers
and for filler stock (See CALCB for an ABA to nominal Pk.]
A(301; thru A(304).
305 [Daily AB! Tosses] Ratio of air defense P, vs ABl to that vs AB2.
30€ [liumber of AB1 aircraft] If >0, mass and break thru logic used at prepared
defenses,
307 [Total AR2 daily sorties] If set =1, CAS effectiveness varies
with type of defense.
308 {Daily #BZ ABA sorties] Ratio of air defense P, against BB1 and BB2.
308 Maximum nunber of irproved CAS weapons Controls reduction of required reserve
(default 10'¢). when FEBA slows,
310 With YMAX routine, FEBA stopped if [Switch to stop conflict when force destroyed and
forze ratio less than A(310), NTRIAL = 1],
N Fraction AB2 CAS sorties used for recce, |Fraction BAZ CAS sorties used for recce,
312 Fraction ac not in assianed shelters, same
313 AA2 daily reinforcement rate, Maximum number of Red divisions permitted in
combat (overrides B(354) if used).
314 Prob. friendly shelter destroyed if same
aircraft killed in shelter .
315 Fraction interceptions sustained before same
expending ammo,
316 Nominal number of friendly ABA sorties same
per enemy airfield (default = 20). same
317 Exponent used for empirical variation same
of friendly airfield defense
effectiveness.
318 Nominal assumption re unsheltered enemy same
aircraft per airfield (default = 20).
319 Exponent used in empirical degradation same
of friendly ABA attacks on unsheltered
aircraft.
320 Fraction CSAM sorties flown against same
enemy SAMs in CAS area.

[Bracketed terms for internal use only]
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RED (B_Array)

DEFINITION
Element .
Humber BLUE (A Array)
32] If unity, enemy sanctuary attacked. same

322

323

324

325

326

327

328

329

330

33

332

333

334

335

336

337

338

339

340

n

Fraction ABl sorties to enemy
sanctuary .

Number of bomber shelters in sanctuary.

[Bombers lost in sanctuary]

[Bomber lost in sanctuary shelters if only
shelters attacked]

Fraction nominal ABA effectiveness vs
unsheltered sanctuary aircraft.

Fraction nominal ABA effectiveness vs
sheltered sanctuary aircraft.

[Forces withdrawn to RNR - i.e., BACK]

Switch to activate CALCB, CALCR

air-war logic.

Number of initial units.

Fraction BB1 sorties to enemy

sanctuary-

same

[same]

[same]

same

same

[Signals FORCES from FEBAV to
reduce reserves]

(same]

Switch to activate FORCES replacement logic-

same

Unit is withdrawn if survival falls below same
this threshold.

NDays for unit to recuperate. same

[Daily casualties from all causes] [same]

Initial stock of individual replacements same
(ADE).

Daily augmentation of individual replace- same
ments {ADE). ‘

Fraction of the "available" force (and, when same
>1, of the "forward reserve"), usable for
individual replacement .

Individual replacement effectiveness as same
fraction of nominal tevel.

Learning factor; fraction ineffectiveness same
regained daily .

[Forward reserve (ADE)] [same]

[Withdrawal strength of units in recuperation] [same]

(ADE)

[Bracketed terms for {internal use only]



-82-

DEFINITION
Element
Humber BLUE (A Array) RED (8 Array)

342 {Total ADE committed as full units] [same]

343 [Total ADE committed as individual [same]
replacements]

344 [Total ADE absorbed in recuperation [same]
process]

345 Reserves as fraction of combat forces at Reserves as fraction of combat troops for
unity force ratio high force ratios

346 Force ratio for zero reserves Force ratio below which reserve requirements

are reduced

347 Daily augmentation of RNR replacements same
(ADE)

348 Initial/current stock of RNR replacements same
(ADE)

349 Fraction of the."available" force (and, sane
when >1, of the "forward reserve")
usable as stock for RNR replacements

350 Switch to activate RNR replacement same
stockage logic

351 Switch for variable maximum Red/Biue Maximum Red force relative to Blue (may be
force ratio overridden by B(313))

352 Switch-Casualties randomized when Switch for ground-warfare test
unity output

353 Efficiency of cannibalized RNR forces same

354 Days delay to return cannibalized forces same
(must be <A(333))

355 Cannibalize rather than rebuild RHR units same

356 Days delay for vehicular repair same

357 Days required for Pool forces to same
reach combat

358 Vehicle$§ damaged per vehicle killed same
in conventional ground action

359 Theater vehicular repair capacity same
(ADE/day)

360 Fraction repair capacity allocated to same
a sector

361 {Overrun resources. as_fraction of {same]
ground forces killed]
s : . : *

262 Initializes field reserve ; same

then unrepaired damage

*Default value = A{336)-A(357); use 0.00C1 if zero desired.
[Bracketed terms for internal use only]
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Element DEFINITION
Number BLUE (A Array) RED (B _Array)
363 Maximum allowable field reserve as a same
fraction of the engaged force*
364 Vehicles damaged per vehicle killed same
ty air action.
365 initially, vehicles damaged per vehicle same
killed by atomic actien
{Subsequently, an overall average.)
366 Used to introduce a uniform same
uncertainty to CAS factors
367 Used to introduce a uniform same
uncertainty to air defense factors
368 Used to introduce 3 uniform same
uncertainty to air base attack factors
369
370
3N Fraction of enemy short-range fire units same
at risk
372 Fraction of enemy lang-range fire units same
at risk
373 Fraction of the rearward troop units same
at risk {i.e., other than A(31))
374 Relative targeting priority of fire same
units to troop units (default = 2)
375 Fraction of enemy troop units ana same
shart-range fire units within range
of short-range fire units (default
= 0.75)
376
A deliberate defense can be same
prepared in A(376) days if
FEBA velocity held below
377 A(377) km/day.
378
379
380
381
382
363

* . :
Initialize A(363) to a large value (e.g., 100) {f field reserve to be unconstrained.
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DEFINITION

Element

Number BLUE (A Array) RED (B Array)

384

385

386

387

388 Fraction of the AF2, AA2, and AB2 non-ABA Fraction of the BF2, BA2, and BB2 non-ABA sorties
sorties to be assigned to CSAM to be assigned to CSAM

389 | Fraction of the AF2, AA2, and AB2 non-ABA Fraction of the BF2, BAZ, and BB2 non-ABA sorties
sorties to be assigned to interdiction to be assigned to interdiction

390 Fraction of the interdiction effort to be same
allocated to the sector under study

391 Ratio prob. of killing enemy interceptor same

if payload has not been jettisoned to that
when it has (default = 1; use 10-6 for Q)

392 Ratio of air defense ki1l probability against same

enemy aircraft that have jettisoned payload
to that for those that have not (default =
1; use 10°8 for 0)

333 Fraction of pilots that jettison payload same
when detected

334 Propabi]ity of detection by air defense same
aircraft in rear (default: Pd for forward
area)

335 Relative 1ikelihood of forward air defense same

aircraft sighting deep penetrators and
enemy CAS sorties

396 Force ratio below which forces go into Switch for using FEBAV casualty and velocity
positional defense relations; if 1, reads new defense and
terrain data; if 2, uses prior values

397 [Fraction of airfields overrun] Switch: Blue airfields overrun if =1

398 [Fraction aircraft lost as result of day's Switch for air warfare test output from
airfield losses CALCIA, CALCIB, CALC2A, CALC2B, NUCALC

399

400 Frequency of special successful-sortie

and casualty printout
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Appendix D

SUBROUTINE NOTATION

Most of the notation employed in the air-warfare sections
of TAGS is defined in Appendix C; the definition of those few
items not included in the A or B arrays should be apparent from
their use. On the other hand, much of the notation used in the
newer sections of the ground-warfare logic is unique to those
subroutines; definitions for most of the special symbols employed
in the FORCES subroutines, the FEBAV subroutine, and the NUCALC

subroutine are listed in this appendix.



uo
Uud)

11

Vo, v,
MAO, Ma,
IA

ADD
ASHIP

AVAIL
AVFWDR

BACK

DEF

DELTA (1)

EXTRA

FIXED

FRAC
FWDR

Fl

F2

IREBLD

J
MAV

NBOX (1)
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NOTATION USED IN THE FORCES SUBROUTINES

Initial strength of each unit of engaged force (ADE)
Current strength of the ith unit of engaged force (ADE)
Initial number of units in the engaged force

Current number of units in the engaged force

Current number of units assigned to the RNR array

Same for Blue as UO, U, MO, M, and II are for Red

Daily strength added to the engaged forces (AADD for Blue)
(ADE)

The strength withd#awn from the POOL for transfer to the
engaged forces (ADE)
The current reserve strength available for assignment (ADE)

Current reserve (FWDR) strength available for use in
meeting RESRQT

Daily strength withdrawn from the engaged forces and trans-
ferred for recuperation (ABACK for Blue) (ADE)

Losses suffered by the engaged forces (casualties and damage)
that the POOL has not been able to satisfy (ADE)

Casualties and damage suffered by the ith unit that have
not been replaced by resources from the POOL and REPLAC (ADE)

That portion of the TOTRES that is not needed to meet the
current losses, expressed as a fraction of the DEF

The combat strength that has been in the repair queue for
NREPQ days or longer and not yet returned to the POOL (ADE)

Fraction of RNRRQT fulfilled by RNRSTK

Combat strength held in the reserve; required plus available
(ADE)

The combat strength in the available reserve that may be
assigned to the POOL (ADE)

The combat strength in the required reserve that may be
assigned to the POOL (ADE)

Control variable; equals 1 if units are to be rebuilt;
equals 0 if they are to be cannibalized

Dally count of units withdrawn from engaged forces

Current number of full strength units that are available for
assignment to the engaged force

Location of the ith Red unit in an ordered set; used in

distributing casualties among units (NABOX for Blue in FORCE2)
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NE (N) } Binary variables used in maintaining a status record

NEW(N) for the Nth unit of the engaged force

NRES Number of units that have been in RNR at least B(333) days
but have not been returned to the reserve

NRETRN Number of units transferred to the reserve from recuperation
(FWDR)

NSHIPQ The number of days required to transfer forces from the
POOL to the engaged forces; i.e., the length of the
shipping queue

OLDRES Strength (measured at the time they were withdrawn) of units
that have been in the RNR array between B(354) and B(333)
days (ADE)

POOL The current strength of the individual replacements and
the repaired equipment that is available for assignment
(ADE)

READY The portion of the FIXED strength that is repaired and
available to the POOL; determined by the repair capacity
(ADE)

RECOV The fraction of the damaged combat strength that is
recovered for repair

REP (N,1) Replacements added today to replace casualties and damage

in unit N (ADE)
REP (N,T) Residual training deficiency of replacements added (T-1)
days ago (ADE)

REPAIR(i) The combat strength that has been in the repair queue
for 1 days (ADE)

REPLAC The current strength in the field reserve available to
replace casualties and damage (ADE)

REQT The current reserve strength requirement (ADE)

RES The required reserve strength, as a fraction of the engaged
strength. (OFFRES in FORCES for Red, DEFRES in FORCE2 for
Blue.)

RESERV Strength (measured at the time they were withdrawn) of units
that are undergoing cannibalization (ADE)

RESRQT Cumulative stock requirement for recuperation of units in
RNR (ADE)

RESSTK Stocks available to meet RESRQT (ADE)

RETURN Current value of strength withdrawn from engaged forces

for cannibalization (ADE)

RNR (1) The day on which the itk unit in RNR was withdrawn from the
engaged force

RNRRQT Total stock requirement for rebuilding NRES units (ADE)
RQT RESSTK deficiency for meeting RESRQT (ADE)



SHIP (1)

TOTRES

TROOP (1)

TRPRIN

USESTK
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The strength of the forces withdrawn from the POOL that
have been 1n transit for (i-1) days (ADE)

The current value of the maximum strength that may be

made available to replace casualties and damaged equipment
(ADE)

Strength of forces that have been undergoing cannibalization
for (i-1) days

Total daily strength of the forces returned from the RNR
assets (ADE)

Current value of strength transferred from RNRSTK to
FWDR (ADE)



A282

BROACH

DAYS

ERS

I,IDD,J

ID

IDT

T

IZONE

MDAY
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NOTATION USED IN THE FEBAV SUBROUTINE

Value of A(282) as initialized on day 0; required to permit
A(282) to be manipulated to reflect appropriate barrier delay

Controls the effectiveness of the attacker's effort to
mass for a breakthrough (fractional part of the initial
value of B(306))

The number of days that would be required at the velocity
estimated for the present value of the effective force ratio,
to break through the present type 2, 3, or 4 defense,

(The attacker will resume the attack if DAYS <B(301).)

Effective Red ground strength (ADE)

Actual force ratlo, and effective force ratio employed for
determining daily FEBA motion

Indices used in specifying appropriate casualty
representation

Designated type of defense in current interval

--A mix of HFD and withdrawing actions

Prepared defense type A

Prepared defense type B

Red to adopt positional defense;
Blue treats as for ID = 1

1
3
4
5

Identifies current battle action

1 - Defender falling back
2 - Attacker confronts a deliberate defense that the
defender has been able to create
»4 - Prepared defense under attack
- Attacker behavior as specified by ID = 5
- Positional defense adopted when strength ratio
is low
7 - Attacker has dug-in when unable to broach a
deliberate defense
8,9 - Attacker has dug-in after failing to broach
a prepared defense

Index value of the current terrain type; 1 = good, 3 = fair,
5 = poor; 2 and 4 provide intermediate velocity estimates.

The defense interval number for the prior day

Maximum permissible value of NDAY (integer part of
B(306) on day 0)



NDAY

NDELYA

NDELYB

NF

NZONE

YCP

=90~

Number of consecutive days during which the attacker's
"effective" force ratio has been increased in an effort
to broach a prepared or deliberate defense

The consecutive number of days that the FEBA velocity
has been less than A(372), thus permitting Blue to work
on a deliberate defense

Same as NDELYA, except for Red

An index, used with VFIT, to specify the appropriate
velocity representation

The number of the current defense interval
FEBA velocity

Thickness of type A or B defense interval that remains
to be penetrated



xTU
xTUK
xTUC
*SRU
xLRU
xSRM
xLRM
xSRMA
xLRMA
xSRTGT
xLRTGT
xGUTGT
- xSRATU
xSRASR
xLRATU

xLRASR
xLRALR

xPDTU
xPDSRU
xPDLRU
xSRUK

xLRUK

Note:
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NOTATION USED IN THE NUCALC SUBROUTINE

An x in the following list denotes Blue
if replaced by A, Red if replaced by B.

Number of troop units

Expected number of troop units killed by atomic bombs

DIVs killed by battlefield nucs

Number
Number
Number
Number
Number
Number
Number
Number
Number
Number
Number
Number

Number

of

of

of

of

of

of

of

of

of

of

of

of

of

short-range fire units

long-range fire units

shortfrange missiles

long~range missiles

short=range missiles assigned to target

long-range missiles assigned to target

short-range missile targets

long-range missile targets

ground unit targets

short-range ﬁissiles assigned to troop targets
short-range missiles assigned to short-range fire unit targets
long-range missiles assigned to troop unit targets

loné—range missiles assigned to short-range fire

unit targets

Number of long-range missiles assigned to long-range fire
unit targets

Probability of detecting troop unit

Probability of detecting short-range fire unit

Probability of detecting long-range fire unit

Number of short—range fire units killed

Number of long-range fire units killed
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XSRM Number of short-range fire unit targets not assigned to be
hit by short-range missiles

XTU Number of troop unit targets not assigned to be hit by
short-range missiles

A(42),B(42) Blue, Red DIVs killed by atomic bombs



1.

2,

3.

10.

11.

12.

13.
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