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PREFACE

This report describes the latest version (TAGS-V) of a highly
aggregated ground-air conflict computer model. This model, which is
distinguished by ease of input and high computational speed, has been
used in an Air Force Project RAND study of the contribution of forces
to deterrence to assess the combat potential of alternative ground and
air forces that could be available for NATO in the 1980 era.

The results of the study have been briefed to a number of Air
Staff offices, including DCS/Research and Development, DCS/Plans and
Operations, ACS/Studies and Analysis, and ACS/Intelligence. Other

reports in process are:

R-1240-PR, Improving Future NATO Capabilities for Defending
Against a Major Converntional Warsaw Pact Attack: 4
Total Force Posture Avnalyeiz, by D. E. Fmerson and
L. E. Catlett.

R-1241-PR, Improved Land and Air Forces for NATC, by L. E.
Catlett.

R-1243-PR, Comparison of Alternative 1980 NATO Land and
Air Forces: Methods and Resulte, by D. E. Emerson.
R-1244-PR, Performance of Altermative ASW Forces for Convor

Prqtection, by D. E. Emerson.
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SUMMARY

The TAGS-V model is the latest modification of a highly gggregated
computer model of air-ground warfare that was originally developed in
the early 1950s for Rand studies of military conflict in the European
theater. The ease with which TAGS-V can be used and its high computa-
tional speed make it an appropriate tool for a variety of applications;
TAGS-V should be especially useful for preliminary explorations of broad
parametric variations, prior to the use of more detailed (and time-
consuming) computational aids.

TAGS-V simulates ground and air activities on a day-to-day basis.
The ground units in TAGS-V are defined in terms of homogenous division
equivalents. The forward edge of the battle area (FEBA) moves as a
unit and is viewed as the average movement of the entire theater front.
The air forces consist of three aggregated aircraft types that may be
allocated among six different missions: air defense, airbase attack,
interdiction, combat air support, counter-SAM, and escort. This latest
version of TAGS includes provisions for operating aircraft from sanctu-
aries, for protecting aircraft in shelters, and for examining the impact
of duels between the battlefield nuclear firing units of the two contes-
tants.

The TAGS-V input parameters fall into three categories: (1) force
size and effectiveness factors, (2) aircraft allocation by mission, and
(3) a set of historically-based empircal factors that characterize ca-
sualties and movement of ground warfare. Any of the model parametérs
can be changed as a function of the value of any other during the course
of the conflict, thus enabling allocations, augmentations, and effec-
tiveness factors to be changed as a function of time, or when triggered
by other operational factors. A special feature of TAGS-V 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, each trial
using sample values from specified probability distributions for each
uncertain factor, and the results include a statistical summary of the

joint effect of the several uncertain factors.
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This report contains instructions for operating the model, sample
input formats, a complete listing of the program nomenclature, and an
annotated program listing. Programmed in FORTRAN IV, TAGS-V is cur-
rently operating on Rand's IBM 360/65; a single campaign of 60 days'
duration consumes three to five seconds on this computer system; multi-
ple trials will average one to two seconds each, depending on campaign

length.
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I. INTRODUCTION

The TAGS-V (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

(1

theater. The original logic was extensively revised and expanded
in the mid-sixties for use in a special Rand study prepared at the re-
quest of the Chairman, Joint Chiefs of Staff Special Studies.(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
uncertainties as to the values of various performance factors could be

(3,4 Still further modifications and

taken into account explicitly.
additions were introduced in 1972.

Rather than attempting to update TAGS documentation by a discus-
sion of the changes and modifications, this report presents a brief
description* of all aspects of the current version of TAGS. Instructions
for operating the model are inclu&ed in Appendix A. Input formats and
definitions of input data arrays are presented in Appendix B and C,
respectively. Also, for those who are interested in understanding TAGS'
internal structure in detail, an annotated copy of the complete program
is included as Appendix D. Programmed in FORTRAN IV, TAGS-V is cur-
rently operating on Rand's IBM 360/65. A single campaign takes 3 to 5
seconds on this computer system; multiple trials will average 1 to 2
seconds each.

Those interested in our recent applications of TAGS-V are directed
to Ref. 5. That report outlines in detail how two specific sets of
combat calculations have been handled and presents an extended discus-
sion of our examination of the performance of the programmed 1980 forces
for NATO and an alternative force structure that evolved from Rand

studies.

*Despite the numerous revisions over the years, the legacy from
the prior versions is sufficiently great that substantial sections of
the present description have been taken bodily from the earlier
references.



II. GENERAL DESCRIPTICN

TAGS-V is a highly aggregated model that relies on simplified ab-
strations of elements that are treated in greater detail in more compre-
hensive 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 representation of the forces and types of operations included
in the model.

Each side has a zone of interior that is invulnerable to tactical
aircraft. Aircraft replacements, ground force reinforcements, and
supplies are drawn from this zone. The theater itself contains the
ground forces, their supply lines, and the tactical airfields.

The ground forces are defined in terms of homogeneous division
slices, i.e., no distinction is made between armored or mechanized
divisions and infantry divisions. The supply system is primarily a
rail network, supplemented by a highway net.

The air force consists of three aggregated aircraft types. The
air commander on each side can allocate his aircraft among air defemnse
and five air offense missions: (1) counter airfield, (2) interdiction,
(3) close air support (CAS), (4) counter SAM, and (5) escort.

In the counter airfield mission, offensive strikes are made against
aircraft parked on airfields or in shelters. Attacking aircraft are
subject to attrition by airfield defenses. No consideration is given
to the effects of damaged airfield facilities. The interdiction mission
attempts to disrupt 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 ca-
sualties among ground combat personnel; and, second, it influences 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 psychological effects on troops.

Counter SAM missions are designed to destroy area-deployed SAMs

in a rollback operation that clears corridors for subsequent deep
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penetrations by aircraft on interdiction, counter airfield, and escort
missions. Escort sorties reduce the effective number of enemy air de-
fense sorties.

The ground forces defend against the offensive air strikes by means
of antiaircraft fire and SAMs. The ground combat is quite siﬁplified.
Each ground force is composed of a number of identical divisions,*
each of which has both short- and long-range battlefield nuclear fire
units. Casualties resulting from conventional ground combat are based
on planning factors derived from statistical records of World War II
and Korean ground action and are related to the ratio of forces in com-
bat. Additional casualties are inflicted by CAS sorties.

The FEBA moves as a unit and is viewed as the average movement of
the entire theater front. The velocity of the FEBA depends on the
terrain, the intensity of CAS, and the ratio of the ground strength on
each side.

The input parameters for TAGS-V comprise three categories: (1)
force size and effectiveness factors, (2) aircraft allocation by mis-
sion, and (3).a small set of historically-based empirical factors that
characterize the casualties and movement in ground warfare. Any model
parameter can be changed as a function of the value of anv other para-
meter, 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 function of time or triggered by changes in other opera-
tional factors.

Another feature of the model is that any model parameter (that is
fixed throughout a conflict) can be specified as having uncertain values:
if this is done, a series of trial combat simulations are computed.

Each trial uses sample values from specified probability distributions
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-V can be used and its high computational

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

lent number of U.S. armored divisions, using firepower scores of the
actual units as a basis for normalization.



speed make it an appropriate tool for a variety of applications. One
especially useful role in certain classes of problems would be for pre-
liminary exploratory work, as a guide prior to the use of much more
detailed computational aids. With TAGS-V one can quickly explore the
ramifications of various force allocations and obtain preliminary no-
tions as to how various force increases or reductions will affect over-
all 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-V. Sec-
tion III deals with air warfare, Sec. IV with ground warfare, and

Sec. V with supply.



III. AIR WARFARE

AIRCRAFT AND AIRFIELDS

Aircraft are aggregated into three distinct types--fighters, attack
aircraft, and bombers--reflecting differences in payload characteristics
performance capabilities, etc. However, aircraft with different charac-
teristics can be combined into a single type. The differences are then
taken into account in the fractional allocation of that aircraft type to
the various missions and the choice of performance parameters on those
missions.*

Alrcraft on airfields are parked in shelters, or in the open when
shelters are unavailable or insufficient. The number of shelters avail-
able is a function of aircraft type. Airfields are not subject to being
overrun by the ground battle.** Certain of the aircraft can be on air-
fields that cannot be attacked by enemy aircraft, either because of
range or scenario assumption. The number of such "sanctuary" aircraft

is a function of aircraft type.

MISSIONS AND ALLOCATIONS

The three types of aircraft are assigned to missions on a day-by-
day basis. Their sortie rate is a function of the type of mission to
which they are assigned. Generally, a level of maintenance and repair
facilities is assumed such that a constant fraction of the current air-
craft inventory is combat ready. However, this fraction can be changed
as a function of time to simulate maximum efforts or deterioration of

maintenance and repair.

AIRCRAFT LOSSES

A specified fraction of aircraft is lost for non-combat reasons
(accidents and miscellaneous other causes); the per sortie loss rate

is specified by aircraft type.

*
Additional flexibility for dealing with multiple aircraft types
can be obtained with relatively simple additions to the computer code;

several of the possibilities are illustrated in Appendix B of Ref. 5.
%k
An approximate method for removing this limitation is outlined

on p. 21 of Ref. 5.



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 type.

A fraction of the available air defense sorties can be specified
for use in the forward areas; the remainder are considered to be used
in defense of the rear areas. The effectiveness of the air defenses
is expressed in terms of the probability of survival of an offensive

sortie, whose form is

e_PdeSD/SO

where SD = the daily number of nonaborting air defense sorties,
S0 = the daily number of nonaborting offensive sorties,
Pd = the fraction of air defense sorties that detect an

offensive sortie,

Pk = the fraction of detections that result in a kill
(a function of the offensive aircraft type).

Aircraft on the counter air defense mission (escort mission) can be
assigned to accompany the deep penetrators and the friendly close air
support sorties in whatever proportion is desired. Each escort sortie
reduces the effective number of enemy air defense sorties by a specified
number of sorties according to a simple subtractive rule. Against deep
penetrators, air defense effectiveness is based on SD being equal to

the total effective number of daily air defense sorties (after assess-

ing the effect of escorts), and on S, being equal to the daily number

of counter airfield, interdiction, agd deep escort sorties. Against
CAS sorties, SD is the fraction of effective air defense sorties as-
signed to the forward area and SO is the daily number of CAS sorties
and escort sorties assigned to support them. A ratio of damaged to
destroyed aircraft can be specified; damaged aircraft do not success-
fully complete their mission but are assumed to be repaired in time

for operations on the next day.



The assessment of air defense aircraft losses in engagements with
enemy offensive sorties is based on the specified probability than 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 forward operations against enemy CAS sorties and
those lost in the rear.

SAM fire units are assumed to be deployed throughout the theater;
the effective density in the forward and rear areas can be controlled
by specifying the fraction of the SAM units that are effective against
enemy CAS sorties. Counter SAM sorties (CSAM) are assumed to be used
to attack SAM fire units located within five corridors normal to the
front; each corridor contains a specified fraction of enemy SAM units.
The daily allocation of CSAM sorties is applied equally among the five
corridors; the efféctiveness of a CSAM sortie and the probability that
the SAM will kill a CSAM aircraft are specified by aircraft type. A
ratio of damaged to destroyed SAM units, as well as the fraction of
damaged SAM units that are repaired per day, can also be specified.

The effectiveness of the SAM units that survive the daily counter-
SAM operations is controlled by the probabilities that (1) a SAM will
engage a deep penetrator, (2) a SAM in the forward zome will engage a
CAS aircraft, and (3) a SAM unit will kill an aircraft that it engages;
geometric 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.

Aircraft of a given type that are not in a sanctuary are based on
a specified number of airfields and have available a specified number
of shelters. If the specified fraction of aircraft on the ground dur-
ing airfield attacks exéeeds the number of 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 air-
craft are allocated in proportion to the number of unsheltered aircraft
of the different types. Attacks against aircraft in shelters are pre-

sumed to destroy aircraft in any occupied shelters that are hit but to
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leave the shelters intact for subsequent reuse. The effectiveness of
conventional attacks against sheltered and unsheltered aircraft is ex-
pressed as the expected number of aircraft killed, Ek’ computed as

follows:

-Kcasca/T
Ek = A(l - e ),
where A = the number of aircraft at risk,

T = the number of targets--unsheltered aircraft or
shelters,

KCa = the expected number of kills per counter airfield
sortie,

SCa = the number of counter airfield sorties that reach
target.

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

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

MOVEMENT OF THE FEBA

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 additional influence on the motion is the number of
effective CAS sorties flown per day, since CAS sorties not only produce
casualties, but also disrupt coordination, slow individual troop move-
ments, and create an adverse psychological effect on the enemy.

(6)

An investigation of World War II campaigns indicated that a
coarse description of the average motion of those campaigns could be
attained with rather simple mathematical expressions involving the

effective force ratio, F, defined as

M+S /k
cas

where M = the number of attacking division equivalents,
SCas = the number of the attacker's CAS sorties,

k = the 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 additional friendly division
equivalent.

M,K,S = the defender's factors.

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 a function of the position of the FEBA,
X, to reflect varying qualities of the terrain or important natural ob-

stacles, such as a major river. Ll’ L2, L3 are constants, input by
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the analyst. Figure 2 indicates how the movement rate is affected bv

their selection.

1.0
5
< 0.5
N
o X
O ~ l

0.5 1.0
(F-L )LL)

Fig.2 — Effect of selected constants on FEBA movement rate

In our current analyses, V and the constants L,, L., and L.,
max 1 2 3
have been chosen such that the FEBA movement is approximately the same
as that achieved in comparable situations that have been analyzed with
the substantially more detailed TOTEM ground warfare model in other

Rand studies.

TROOP CASUALTIES

The daily casualties due to ground combat with conventional weapons

are expressed as a percentage of the number of units in action. The
nominal values coded in TAGS-V have been adapted from an unpublished
survey by M. Weiner of The Rand Corporation and are depicted in Fig. 3.

The daily casualties inflicted by CAS with conventional weapons
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Defense casualties

Offense casualties

Casualties (%)
w

0 I | l | |
] 2 3 4 5 6

Force ratio

Fig. 3 —Relationship of daily casualties due to ground combat
with conventional weapons to number of units in action

are a function of the aircraft type, the payload, and the ground tar-
get. In TAGS-V 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 is given by

where M = the number of enemy division equivalents,

*
K = the divisions killed per CAS sortie,
SCas = the number of successful friendly CAS sorties.
* 3
Actually, K.Scas = 7 KiS for the three different types of
aircraft. i=1] 1 ©as;
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TAGé—V offers a feature that can be used to reflect the loss of
fighting effectiveness of attacking ground units when the casualties
sustained are largé. When invoked, this feature restricts the maxirmum
permissible velocity of the FEBA and can stop motion altogether if the

attacker's casualties exceed a specified level as shown below.

o

FEBA velocity
( Vmax/vmaxo)

Fractiona! casualties
summed over n days

For each day, the daily casualty rate is computed and summed with that
rate for the prior n - 1 days; when the sum exceeds fl, motion is slowed;
when it exceeds fZ’ motion is stopped. When FEBA motion is halted,
casualties due to ground action drop to one-half percent per day, and
casualties due to CAS sorties and/or nuclear attacks on the battlefield
are cut in half (reflecting a greater 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.

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 (hidden in rear areas). Each unit has a specified number of
rounds available for any given day's operations, and if used, the unit
can 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 operations on the same day; the first day of nuclear operations

must be specified for each. Long-range nuclear fire units can fire at
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enemy troops and at enemy 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.

Air reconnaissance is necessary to develop target-position datza
regarding enemy nuclear fire units. The probability that an enery fire

unit is detected is determined as:

[1-a-pphy,

]

the probability that the nuclear fire unit is detected
if its position is overflown by a reconnaissance air-
craft,

where Py

*
N = the number of times the surveillance area is overflown
each day by the reconnaissance aircraft.

The probability of killing a detected fire unit is the product of the
probability the target is in place when the round arrives (a result of
command and control delays, etc.) and the probability of killing an in-
place unit. For battlefield nuclear operations, attack aircraft sor-
ties assigned to "interdiction" are interpreted as being used for recon-
naissance (the nonnuclear interdiction effectiveness factor for the
attack-type aircraft must be reduced to zero during these operations).
A specified fraction of the enemy troop units can be targeted on
the basis of field-developed intelligence; aerial reconnissance is
required to develop targets among the remainder. 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 pro-
portion to the square root** of the average survival of the divisions
in combat. With this formulation, the average unit size decreases dur-
ing battle, but not as rapidly as the surviving manpower. The fract;on
of a division killed by a nuclear weapon is given by the product of
the probability the target is in place, the expected fraction of a

unit killed, and the size of the unit.

*
The computer code actually uses the integer number formulation.

* .
Actually, this exponent is an input; one-half is the nominal
value used to date.
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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 one-quarter of the troop targets
and one-quarter of the enemy short-range weapon targets are at risk only
to long-range weapons. Missile assignment gives priority to enemy nu-
clear fire units, but again, to capture the effect of the value of rapid
responses, weapons are assigned to targetable enemy nuclear fire units,
F, and targetable enemy troop units, T, in the proportions 2F/(T + 2F)
and T/ (T + 2F) when there are insufficient weapons for both target
classes. This assignment procedure is applied, sequentially, to the
short-range fire units and then to the long-range fire units.

Assessment of the fire units and troops that have been destroved
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 newly formulated procedures for considering the
interaction among battlefield nuclear fire units, TAGS-V preserves the
original logic(l) relating to the use of air delivered nuclear weapons.
Weapons can be assigned on a daily basis to troop targets, interdiction
targets, or to the airfields associated with each of the three cate-
gories of enemy aircraft; such assignments are limited by the size of
theater stockpile that is specified. As in the original formulation,
the total number of nuclear weapons employed per day against the several
classes of targets, is considered to be so small that no specific re-
quirement is imposed for aircraft or sorties for delivery. The effec-
tiveness of attacks on troop units and interdiction targets is expressed
in a manner analogous to that for conventional attacks;* for airfield
attacks, the effectiveness is expressed in terms of the fraction of

the aircraft on the airfield killed per weapon.

*

Since the factor for nuclear interdiction effectiveness is dis-
tinct from that for conventional interdiction, reconnaissance for
battlefield nuclear operations can be conducted simultaneously with
nuclear interdiction attacks.
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The air delivered nuclear weapon elements of TAGS-V can be employed
independently of the battlefield nuclear features. When both features
are employed simultaneously, troop unit casualties are assessed on the

basis of uncoordinated targeting; i.e.,

where PS = the fraction of the divisions that survive both classes
of attack,
PSl = the fraction of the divisions that survive nuclear
attack by air delivered weapons,
PS2 = the fraction of the divisions that survive nuclear

attack by enemy mobile fire units.



"~ V. SUPPLY

SUPPLY CAPACITY

When the opposing force interdicts the communication net, the
available transportation will be reduced. A study of the European com-
munication system under a bridge and rail cutting interdiction cam-
paign(7) provided the fraction of the throughput of the rail system,
supplemented 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 continous

interdiction attacks could be estimated as

1
C=2¢C — ],
o\l + k - SINT

where CO the original supply capacity,

SINT = the number of successful enemy interdiction sorties,

o
]

the reciprocal of the number of sorties required to
reduce the capacity to one-half its initial value.

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 delav
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
inversely on the length of the supply lines. If this length increases,

the number of arriving carriers decreases, and, conversely, when the
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length decreases the number of arriving carriers increases. This type
of variation could occur when the number of carriers available is in-
sufficient to saturate the transportation network. Furthermore, should
the length 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

e 1 T - .5\( 1 {
C=c_ (1L-¢x- 4% (l—cu)[l+E_(T+.5)(l+E)_CJ+CU;’

where C
0

the initial supply capability,

X = position of ‘the FEBA in miles from initial value
(positive when the friendly forces have gained
ground) ,

w
[

= fraction of supply capacity lost per mile of FEBa
advance,

e
]

velocity of the FEBA in miles per day,

O
]

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
per cent of maximum effect occurs in 3T days),

Cu = fraction of the original supply capacity that cannot
be interdicted,

E=k - a efi ier.
SINT s 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 vary.

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
aircraft sorties generated per day. The supply requirement in the
theater is computed on the basis of input values for the unit supply

requirements, expressed as a fraction of the initial supply capacity.
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DIVISION AUGMENTATION

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

R® for the forces in conflict are sufficiently

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

c X
C C ’
t (o] o

1
Maue = T

where M

AUG number of divisions brought into the theater per
day,

]

M fraction of the original supply capacity required
to transport a division to the front.

THE NUMBER OF EFFECTIVE THEATER DIVISIONS

When the theater supply requirements, C are less than the cur-

R’
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

theater divisions may use the theater stocks available. When the

theater stocks are depleted, the number of effective theater divisions

is given by

(@]

- L (R_C
Meff =M y (C C ) when CR > C ,
S o] o

where u_ = fraction of the original supply capacity used per
division per day.






-21-

Appendix A
OPERATION OF TAGS=V

INTRODUCTION

TAGS=V is a mathematical computer model that simulateé the day-
to~day battle results of a theater air-ground warfare system. This
version, V, is a modification and expansion of earlier versions. The
algorithms for computing the day-to-day battle results, taken from the

(2)

last published version, have been modified, corrected, and extended

&
~

to provide additional features and greater efficiency.

A distinguishing feature of the current version is the inclusion
of a facility to account for uncertainties among the parameters that
enter into the model. TAGS-V allows the analyst to provide an explicit
specification of the uncertainties regarding the value of various para-
meters. To elect this option, it is necessary to stipulate the follow-

ing 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 para-

meter will be taken.

The current best estimate or mode of the parameter is the value judged
today to be the most likely at the future date of interest. The range
of uncertainty measures the separation of the extreme values believed
pausible 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 4 illus-
trates these ideas.

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

*

The current input-output features and the capabilities for treat-
ing uncertainties explicitly were coded by L. Pipes of The Rand Cor-
poration during 1971.
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~— Uncertain range =

Type of
distribution

Best
estimate

(moiil;y

Parameter value

Relative likelihood

Fig. 4 — Characteristics of an uncertain parameter

how such correlations can be introduced is presented in Ref. &, prp. 70-
76"

. 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 analvst to assess the sim-
ultaneous influence of uncertainty in several key parameters.

The model is written in FORTRAN IV and in its present configura-
tion allows for multiple cases to be included during a single computer
run. Computer storage requirements (the model is currently operable
on Rand's 360/65 computer) are mainly dependent on the total number of
uncertain and constant input parameters plus the number of parameter

changes to occur during the simulation. A campaign of 60 days' dura-

tion requires 2 seconds per trial.

GENERAL PROGRAM DESCRIPTION

TAGS-V consists of a main executive routine and 22 subroutines that
.are organized and that function in the manner indicated in Fig. 5. A

complete, annotated copy of the program will be found in Appendix D.

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

Available as required for introducing
correlations among factors

Prints initial values for the A and B arrays

Varies the FEBA V,,, as a function of
FEBA position

Introduces day~-to-day changes as appropriate

Prints daily and end-of-battle summary

Daily battle calculations

Stores, computes, and prints statistics and
histograms of results for intermediate days.

N

INITL

v

TRIALV

CORREL

v

WPV

lQ__

SAR

v

CHANGE

v

PRINTR

‘ .

CALC
CALCIA
CALCIB
CALC2A
NUCALC
CALCLO
CALC2B

v

Yes

v

v

T
: SUMRY?2

PLOT

TAB 1

Stores, computes, and prints statistics and
histograms for end-of -battle results.

t

*

More days?

No

Yes

T
I SUMMRY
|

A

More trials?

No

Fig. 5— Organization ‘and function of the TAGS-X subroutines
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The model simulates the day-to-day battle results in a tactical theater.

Repeated trials of one or more cases can be computed during a single

computer run. Summary results of each trial are stored and output at

the completion of each case.

For each case the following outputs are generated:

[¢]

(s}

The

A list of the initializing data values for both sides.
A list of the constant and uncertain input parameters
and the associated values.

A statistical summary of the battle results that in-
cludes the mean, standard deviation, minimum and maxi-
mum 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.

following optional outputs can also be obtained for each case:

A list of the parameter change conditions.

Daily battle results for each nth day of the simulation
that includes (for each side): position of the FEBA,
number of divisions, 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.

Currently, the upper limit as to the number of trials per case,

number of cases per run, etc., are those imposed by the limitations of

*
the operating system.

*
The size of the various arrays required to store input data and
battle results are controlled from case to case by means of a Rand-

designed

dynamic space allocation routine; this assembly-language
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TAGS-V obtains required input data both from prespecified values
coded in the operating program and from four distinct types of input
data cards. Essentially all basic data (as well as many of the inter-
mediate computational values) are contained in two, 300-element, one-
dimensional arrays identified as A and B, for friendly (Blue) and enemy
(Red) forces, respectively. A numerical listing of the definitions of
the elements of these arrays is presented in Appendix C. Values for
elements of these arrays are prespecified in the routine INIT, or are
read in from card images at the time of execution. The four types of
input cards and their sequence in the data deck are:

1, Control variable card--1 card.

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

Red.

3. Uncertain and constant input parameter cards.

4. Parameter change condition cards.

Each .of these card types and their format are discussed in detail in
the next section.

Appendix B presents a listing of all input factors (other than the
control variables and the force-size data) organized according to their
functional role. Appendix B constitutes a reproduction of the input
‘data forms designed for use with TAGS-V (copies are available). 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 input data not yet discussed is an arrav of geographv-
dependent values that provide the maximum velocity of the FEBA as a
function of the position of the FEBA. These values were derived from
a study of the terrain in the European theater and vary in 20-n mi seg-
ments over 400 n mi in both directions from the German border; these

data are coded in the subroutine SAR.

routine (VSIZE) could be introduced to any IBM 360 0S and will be made
available on request. Alternatively, the use of TAGS-V will require
that the user determine the maximum size of these arrays for his par-
ticular applications, set aside the necessary space with a FORTRAN
COMMON statement, and rewrite the affected statements in several
subroutines.
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INPUT DATA CARDS

Control Card
The first card in each data deck provides the value for 10 control

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 maximum number of days to simulate per trial.

3. INPUT indicates the input mode. If equal to 1, only a subset
of the parameters for the simulation will be input by
cards. If equal to 2, values for all 300 parameters for
both sides will be input.

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. IPRIN2 not used.

6. IPRIN3 indicates the frequency for which the results of each dayv
of battle will be printed.* 1If equal to 0, the option
is bypassed. If equal to +n, the results for each nth
day will be printed for each trial. 1If equal to -n, the
results for each nth day and the last day of battle will
be printed for each trial.

7. IDAYTD is the number of conditions under which parameter changes
will be made during the simulation.

8. NFAC is the number of constant and uncertain parameters being

. . *

input (both sides).
9. NIP the number of initializing input parameters for both sides.
10. ICgN1 indicates the frequency for which day statistical sum-

marizei are to be tabulated for certain preselected vari-
ables. If equal to 0 the option is bypassed.

*%
The format for the control data card is:

- ;
These several control variables are used in conjunction with the
dynamic space allocation routine (p. 24) to establish the required

spaces for data storage.
*%
A--denotes alphanumeric data; I--denotes integer data right ad-

justed in its field; F--denotes real numeric data.
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Col 1-5 Number of replications (NTRIAL) (1)
Col 6-10 Number of days per trial (NMAX) (D
Col 11-15 Input mode (INPUT) (1)
Col 16-20 Print specification for the initial values
of parameters for both sides (IPRIN1) ‘ (1)
Col 21-25
Col 26-30 Print specification for daily battle results
(IPRIN3) (1)
Col 31-35 Number of conditions for changing parameters
(IDAYTD) (1)
Col 36-40 Total number of constant and uncertain para-
meters (NFAC) (D
Col 41-45 Total number of initializing input parameters
(NIP) (1)
Col 46-50 Frequency for which certain day battle statis-
tics will be tabulated and plotted (ICPN1) (1)

Force~Size Initializing Data

The four cards that follow the control card provide data on the
size of the Blue and Red forces. Each card contains 10 data items,
each in an 8-column section of the card. The first two cards provide
20 data for Blue; the other two initialize the Red forces. The fac~

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

INITIALIZING DATA

Parameter
Number
1. 1 Inventory of fighter-type aircraft,
2. 2 Inventory of attacker-type aircraft.
3. 3 Inventory of bomber-type aircraft.
4, 5 Number of divisions in conflict.
5. 118 Daily fighter-type aircraft augmentation rate
in the theater.
6. 119 Daily attacker~type aircraft dugmentation rate
in the theater.
7. 120 Daily bomber-type aircraft augmentation rate in

the theater.

8. 121 ~ Daily division augmentation rate.
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9. 218 Total number of SAMS in conflict.

10. 220 Daily SAM augmentation rate.

11. 247 Total division augmentation available.

12. 256 Number of fighter-type aircraft shelters.

13. 257 Number of attacker-type aircraft shelters. -

14. 258 Number of bomber-type aircraft shelters.

15. 259 Number of fighter-type aircraft in sanctuary.

16. 260 Number of attacker-type aircraft in sanctuarv.

17. 261 Number of bomber-type aircraft in sanctuary.

18. 269 Daily augmentation of fighter-type aircraft in
sanctuaries.

19. 270 Daily augmentation of attacker-type aircraft in
sanctuaries.

20. 271 Daily augmentation of bomber-type aircraft in
sanctuaries.

The format to be used in preparation of the force initializing

cards is as follows:

Parameter Parameter

Card #1 Number Card #2 Number

Col 1-8 1 (F) Col 1-8 247 (F)
Col 9-16 2 (F) Col 9-16 256 (F)
Col 17-24 3 (F) Col 17-24 257 (F)
Col 25-32 5 (F) Col 25-32 258 (F)
Col 33-34 118 (F) Col 33-40 259 (F)
Col 41-48 119 (F) Col 41-48 260 (F)
Col 49-56 120 (F) Col 49-56 261 (F)
Col 57-64 121 (F) Col 57-64 267 (F)
Col 65-72 218 - (F) Col 65-72 270 (F)
Col 73-80 220 (F) Col 73-80 271 (F)

Uncertain and Constant Input Parameter Cards

A separate card is required for each parameter being input to the
model at this point. A parameter can be specified either as constant

or uncertain, i.e., if the parameter is uncertain, a different value
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for the parameter will be selected during each trial from the distribu-
tion specified by the analyst, The format for these cards is as

follows and is illustrated in Appendix B.

Col 1-5 Indicator for the Blue or Red side; for the

Blue side = 1, for the Red side = 2. (1)
Col 6-10 The parameter number (element number in the A

or B arrays). (1)

Col 11-15 Indicator for whether or not the parameter is
constant. If constant, input O, otherwise in-

put 1. (D)
Col 16-20 Frequency distribution type (only necessary if

parameter is uncertain--see Fig. 6). (I
Col 21-30 The best estimate or mode of the parameter. (F)

Col 31-40 The range of uncertainty for the parameter
(only necessary if the parameter is uncertain). (F)

Col 41-80 Comments supplied by the analyst to be printed
~in the output. (A)

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:
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RN

0 1.0 0 1.0 0
Type 1 Type 2

\
;

Type 3

0 1.0 0 1.0 1.0
Type 4 Type 5 Type 6
0 1.0 0 1.0 0 1.0

Type 7 Type 8 Type 9

P
y

.0
Type 10 Type 11

AN

Type 13 Type 14 Type 15

Type 12

A
5

1.0

Fig. 6 — Uncertainty distributions
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Col 1-5 Change type number. (1)
Col 6-10 Parameter number to be tested. (1)
Col 11-20 Lower limit of the test (.GE.). (F)
Col 21-30  Upper limit of the test (.LE.). (F)
Col 31-35 Parameter number to be changed. (I)‘
Col 36-45 The new value for the parameter. (F)

An input data form is available to facilitate the coding and keypunch-

ing of the parameter change condition cards.

Multiple Cases

If only one case is to be run, the card listing just given is com-
plete. However, if additional cases follow, an end-of-case card is
required; an end-of-case card will contain 99999 in columns 1 through

5.
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Appendix B

INPUT FORMATS

All required input data for TAGS-V, except for the control data
and force sizing data, are listed here by their functional role. Full

size copies of these formatted input sheets are available on request.
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Appendix C

DEFINITIONS OF INPUT DATA ARRAYS

Numerically-ordered definitions of the 300 elements of the A and

B input data arrays.
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ARRAY OF VARIABLES AND PARAMETERS

Index Index
Neo. in No. in
Array Desctip:iona Array Descriptiona
1 Inventory of fighter-type aircraft. 24 The number of friendly ground division slices
fighter sortie
2 Inve _ . equivalent to one friendly CAS fig
nventory of attacker-type aircraft in influencing the motion of the phase line
3 Inventory of bomber-type aircraft. (k divisions = one sortie).
4 Current stockpile of friendly atomic bombs. 25 Expected number of enemy troop units sighted and
5 Current number of friendly division slices. killed by one atomic bomb.
6 Ratio of current supply capability to 26 -t
original capability. 27 Ratio (after steady-state conditions have been
7 | Distance, in miles, of the phase (front) reach:d; of the i{iendﬁy zuppiytca$2City p§%-
line from its D~day position (friendly vented from reaching the front to the Supp ¥
capacity that survives an extended enemy inter-~
advance is positive). :
diction campaign of one successful fighter
8 Time in days. interdiction sortie per day.
9 Fraction of friemdly attacker sorties lost 28 Ratio (after steady-state conditions have been
for reasons other than enemy action. reached) of the friendly supply capacity pre-

10 Fraction of friendly bomber sorties lost vente? fro: reaChlgg the fromt ;oﬂthe sgpp}y .
for reasons other than enemy action. capacity t at survives an extended enemy atomic

interdiction campaign of one successfully de-

11 Ratio of the tons of supply prevented livered atomic bomb per day.
from reaching the front by a successful
friendly attacker interdiction sortie to 29 Fraition thfrizndly air deéigse :2zzies that are
that prevented by a successful fighter positioned to engage enemy se !
interdiction sortie. 30 Ratio of friendly escort sorties per deep pene-

12 Ratio of expected number of ememy troop tration to escort sorties per CAS sortie.
casualties inflicted by a successful 31 Fraction of troop units targetable without recce.
friendly attacker CAS sortie to that :
inflicted by a successful friendly 32 Probability of a friendly air defense flghter

attacking and killing an enemy offense fighter
fighter CAS sortie.
) aircraft after air-to-air contact has been made.

13 Ratio of the tons of enemy supply prevented
from reaching the front by a successful 33 Probaiility 3fkil§§iendly air de;;nse fighte;
friendly bomber interdiction sortie to that aitac fng in _HB 3: enemy © ;nsebattac er
prevented by a successful fighter interdic- aircraft after air-to-air contact has been made.
tion sortie. 34 Probability of a friendly air defense fighter

14 Ratio of the expected number of enemy troop a;tECkéng :“d kiiling 3: eﬂeﬂz Oif;nsebb::berde
casualties inflicted by a successful aircraft after alr-to-air contact has Been mace.
friendly bomber CAS sortie to that 35 Probability of an enemy air defense aircraft
inflicted by a successful friendly being killed by a friendly offense aircraft im an
fighter CAS sortie. air-to-air duel.

15 The expected number of nonaborted enemy 36 Probability of an aircraft parked on a friendly
air defense aircraft that are prevented fighter airfield being destroyed by an enemy
from engaging an escorted friendly atomic bomb.
bomber (or sorties) by a single friendly
escort aircraft. 37 Probability of an aircraft parked on a friendly

attacker airfield being destroyed by an enemy

16 Ratio of the number of individuals in any atomic bomb.
enemy divisi 11 t
frieidlyvd:v;Zizn :iicz the number in a 38 Probability of an aircraft parked on a friendly
- . . ' bomber airfield being destroyed by an enemy

17 Prr/Pra atomic bomb.

18 Switch--when unity, friendly forces initiate 39 -
battlefield nuclear activity. 40 Fraction of friendly sorties that do mot abort.

19 Pyp/Ppa 41 -

20 Number of friendly fighter aircraft air- 42 Numier oft:neﬁy divisions killed by friendly
fields existing on the day of an atomic nuclear attacks.
attack against friendly airfields. 43 Initial number of divisioms.

21 Number of friendly attacker aircraft airfields 44 Position of front line on the previous day.
existing on the day of an atomic attack .
against friendly airfields. 45 Movement of front line on the previous day.

22 Number of friendly bomber aircraft airfields 46 irobability abfiiendly fighter escort is killed
existing on the day of an atomic attack n aerial combat.
against friendly airfields. 47 Probability a friemdly attacker escort is killed

23 Fraction of friendly aircraft inventory parked in gerial combat.
on friendly airfields during an enemy air- 48 Fraction of non-aborted friendly air defense air-

field strike.

craft that makes a successful interception.

%%or clarity, the description is for the friendly (or Blue) side. The table may be interpreted for the
hostile (or Red) side by interchanging the words friendly and hostile.
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ARRAY OF VARIABLES AND PARAMETERS--Continued

Index Index
No. in No. in a
Array Descriptiona Array Description
49 | --- 71 |Probability of a friendly fighter CAS aircraft
. ; X ) . dor

50 Probability of a friendly fighter aircraft b?lng destroyed in air combat Ey enemy defense
being destroyed in air combat by enemy fighters before reaching target.
defense fighters before reaching a deep 72 Probability of a friendly attacker CAS aircraft
penetration target. being destroyed in air combat by enemy defense

51 Probability of a friendly attacker aircraft fighters before reaching target.
being destroyed in air combat by enemy 73 Probability of a friendly bomber CAS aircraft
defense fighters before reaching a deep being destroyed in air combat by enemy defense
penetration target. fighters before reaching target.

52 Probability of a friendly bomber aircraft 74 Probability that a friendly fighter CAS aircraft
being destroyed in air combat by enemy reaches its target without being destroyed or
defense fighters before reaching a deep damaged in air combat.

i et. N
penetration targ 75 Probability that a friendly attacker CAS aircraft

53 Probability that a friendly fighter air- reaches its target without being destroyed or
craft reaches a deep target without being damaged in air combat.
dest d d d 1 . :

estroyed or damaged in air combat 76 Probability that a friendly bomber CAS aircraft

54 Probability that a friendly attacker air- reaches its target without being destroyed or
craft reaches a deep target without being damaged in air combat.

d d i .
destroyed or damaged in air combat 77 Probability of an engaged friendly air defense

55 Probability that a friendly bomber aircraft aircraft being destroyed in air combat by enemy

reaches a deep target without being de- offense aircraft.
t d d d i .
stroyed or damaged in air combat 78 Probability of a friendly aircraft parked on an

56 Probability that a friendly fighter escort airfield being destroyed by conventional-weapon
aircraft survives without being destroyed enemy airfield strike sorties.

d ed. .
or damag 79 Probability of a friendly fighter aircraft parked

57 Probability that a friendly attacker escort on an attacked airfield being destroyed by enemy
aircraft survives without being destroyed atomic bombs.

d d.
or camage 80 Probability of a friendly attacker aircraft parked

58 Exponent governing number of troop units in on an attacked airfield being destroyed by enemy
a damaged friendly division. atomic bombs. .

59 Fraction of the original friendly supply 81 Probability of a friendly bomber aircraft parked
capacity that cannot be interdicted by the on an attacked airfield being destroyed by enemy
enemy . atomic bombs.

60 Ratio of the number of damaged friendly 82 Number of friendly aircraft sorties generated by
fighter aircraft to the number of friendly the fraction of the fighter aircraft inventory
fighter aircraft destroyed in air combat. assigned to airfield strike per day.

61 Ratio of the number of damaged friendly 83 Number of friendly aircraft sorties generated by
attacker aircraft to the number of friendly the fraction of the fighter aircraft inventory
attacker aircraft destroyed in air combat. assigned to interdiction per day.

62 Ratio of the number of damaged friendly 84 Number of friendly aircraft sorties generated by
bomber aircraft to the number of friendly the fraction of the fighter aircraft inventory
bomber aircraft destroyed in air combat. assigned to CAS per day.

63 Fraction of a hostile division killed by 85 Number of friendly aircraft sorties generated by
one successful friendly fighter CAS sortie. the fraction of the fighter aircraft inventory

64 Fraction of a hostile division killed by assigned to air defense per day.
one successful friendly attacker CAS sortie. 86 Number of friendly aircraft sorties generated by

65 Fraction of a hostile division killed by the fraction of the fighter aircraft inventory
one successful friendly bomber CAS sortie. assigned to escort per day.

66 A(66) passes FEBA slowdown value between 87 Number of friendly aircraft sorties generated by
routines. B(66)--when unity and blue the fraction of the attacker aircraft inventory
stronger, blue sustains defensive assigned to airfield strikes per day.
casualties, FEBA doesn't advance. - 88 Number of friendly aircraft sorties generated by

67 Fraction of non-aborted friendly offense the fraction of the attacker aircraft iaventory
fighter sorties lost to enemy antiaircraft assigned to interdiction per day.
fire. 89 Number of friendly aircraft sorties generated by

68 Fraction of non-aborted friendly offense the fraction of the attacker aircraft inventory
attacker sorties lost to ememy antiaircraft assigned to CAS per day.
fire. 90 Number of friendly aircraft sorties generated by

\ 69 Fraction of non-aborted friendly offense the fraction of the attacker aircraft inventory
bomber sorties lost to enemy antiaircraft assigned to air defense per day.
fire. 91 Number of friendly aircraft sorties generated by

70 — the fraction of the attacker aircraft inventory

assigned to escort per day.
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ARRAY OF VARIABLES AND PARAMETERS--Continued

Index
No. in
Array

Descriptiona

Index
No. in
Array

: ‘ a
Description

92

93

94

95
96
97

98

99

101

102

103

104

105

106

107

108

109

110

111

112

113

114

115

Number of friendly aircraft sorties gen-
erated by the fraction of the bomber
aircraft inventory assigned to airfield
strikes per day.

Number of friendly aircraft sorties gen-
erated by the fraction of the bomber
aircraft inventory assigned to inter-
diction per day.

Number of friendly aircraft sorties gen-
erated by the fraction of the bomber
aircraft inventory assigned to CAS per
day.

Number of friendly aircraft sorties of
type SFl that arrive at their target.

Number of friendly aircraft sorties of
type SF2 that arrive at their target.

Number of friendly aircraft sorties of
type SF3 that arrive at their target.

Number of friendly aircraft sorties of
type SFS that arrive at their target.

Number of friendly aircraft sorties of
type sAl that arrive at their target.

Number of friendly aircraft sorties of
type SAZ that arrive at their target.

Number of friendly aircraft sorties of
type SA3 that arrive at their target.

Fraction of friendly SAM in forward (CAS)
zone.

Number of friendly aircraft sorties of
type SAS that arrive at their target.

Number of friendly aircraft sorties of
type SBl that arrive at their target.

Number of friendly aircraft sorties of
type SBZ that arrive at their target.

Number of friendly aircraft sorties of
type SB3 that arrive at their target.

Fraction of friendly SAM per enemy
penetration corridor.

Maximm engagements per day for friendly
SAM units.

Number of successful friendly fighter
interdiction sorties per day that would
be equivalent to total number of success-
ful interdiction sorties per day (fighter,
attacker, and bomber).

Sum of all successful friendly CAS
sorties per day.

Fraction of friendly fighter sorties lost
for {reasons other than enemy action.

Time in days at which the maximum rate of
reduction of the enemy supply through~put
is achieved as a result of a constant
friendly interdiction campaign (80 per-
cent of the possible reduction resulting
from the interdiction campaign occurs at
3Tl).

116

117

118

119

120

121

122
123

124

125

126

127

128

129

130

131

132

133

134

135

136

138

139

140

Average velocity of advance of a theater front
in the face of negligible enemy opposition
(miles per day). Varies with position 1if
A(116) initially equals 1000.

Number of friendly atomic bombs delivered per day
against enemy airfields.

Number of friendly fighter aircraft brought into
the theater per day.

Number of friendly attacker aircraft brought into
the theater per day.

Number of friendly bomber aircraft brought intc the
theater per day.

Number of friendly division slices brought into

the theater per day.

Fraction of original friendly supply capability Co
lost for each mile per day the friendly forces
advance (8§ equals zero during friendly withdrawal).

Number of friendly airfields containing fighter
aircraft attacked by (ci + 1) enemy atomic bombs
per day.

Number of friendly airfields containing attacker
aircraft attacked by (ci + 1) enemy atomic bombs
per day.

Number of friendly airfields containing bomber air-
craft attacked by (oi + 1) enemy atomic bombs per
day.

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 aircraft strafing enemy air-
fields with conventional weapons.

Expected number of killing hits made on parked enemy
aircraft by friendly aircraft bombing enemy air-
fields with conventional weapons.

Integral number of friendly atomic bombs per day per
airfield delivered against a fraction (1-£4/n;) of
enemy airfields containing fighter aircraft.

Integral number of friendly atomic bombs per day per
airfield delivered against a fraction (1-€/n4) of
enemy airfields containing attacker aircraft.

Integral number of friendly atomic bombs per day per
airfield delivered against fraction (1-E/Ry) of
enemy airfields containing bomber aircraft.

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 aircraft per day
for sustained operation on an airfield strike.

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

Sorties 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 aircraft per day
for sustained operation on an escort mission.

Praction 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.
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AND PARAMETERS--Continued

Index Index
No. in No. in
Array Description? Array Descriptiona
141 Fraction of the original friendly supply 165 This variable is used in intermediate calcu-
capacity consumed by friendly bomber lations of changes in aircraft inventories.
aircraft sortie.
166 This variable is used in intermediate calcu-
142 Fraction of the original friendly supply lations of changes in aircraft inventories.
capacity equivalent to transporting a ) . I
friendly division reinforcement to the 167 This variable is used in intermediate calcu
front. lations of changes in aircraft inventories.
143 Fraction of the original friendly supply 168 Expected number of kiléinf hltitbi ?g§v:n§1;3al
capacity used by a friendly division weapo;i O? e:emy par i a rc:a £ l; liceck‘; a
slice per day during normal operations. friendly fighter sortie successfully atta e
enemy airfields.
144 Fraction of current friendly aircraft
inventory that is combat ready. 169 Expected number of killing hits by c0§ventlonal
weapons on enemy parked aircraft inflicted by a
145 Number of friendly atomic bombs lifted per friendly attacker sortie successfully attacking
day against enemy fighter airfields. enemy airfields.
146 Number of friendly atomic bombs 1ifted per 170 Expected number of killing hits by conventional
day against enemy attacker airfields. weapons on enemy parked aircraft inflicted bv a
147 Number of friendly atomic bombs lifted per friendli ?;mggr sortie successfully attacking
day against enemy bomber airfields. enemy airtields.
148 Number of friendly atomic bombs lifted per n e variaile is :sediin 1?§efmediite.zalcula-
day against interdiction enemy targets. tions of changes in aircraft invenmtories.
149 | Number of friendly atomic bombs lifted per 172 Tris variable 1s :SEdii“ 1?§3F:eziz“:i::l°”la'
day against CAS enemy targets. tions of changes in aircraft invento :
150 Fraction of current friendly combat-ready 173 T?is va;ia:;e is :sediin :?:e::§2i3251221cu1a-
aircraft inventory of fighter type assigned tlons of changes in aircr .
to a mission of airfield strikes. 174 This variable is used in intermediate calcula-
151 Fraction of current friendly combat-ready tlons of changes in aircraft invemtories.
aircraft inventory of fighter type assigned 175 This variable is used in intermediate calcula-
to a mission of interdiction. tions of changes in aircraft inventories.
152 Fraction of current friendly combat-ready 176 This varisble is used in intermediate calcula-
aircraft inventory of fighter type assigned tions of changes in aircraft inventories.
to a CAS . .
mission 177 Total number of friendly atomic bombs lifted per
153 Fraction of current friendly combat-ready day against enemy airfields.
:zrzzaiiri::::;::ym:: fighter type assigned 178 This variable is used in intermediate calcula-
$ * tions of changes in aircraft inventories.
54 -
1 Fraction of current friendly combat-ready 179 This variable is used in intermediate calcula-
aircraft inventory of fighter type assigned i £ ch in aircraft inventories
to an escort mission. tions of changes alr :
{ 1la-
155 Fraction of current friendly combat-ready 180 Z?is va;i::lz :S 22621::r12§ei:32;i§ii::lCL @
aircraft inventory of attacker type assigned ons o anges :
to a mission of airfield strikes. 181 This variable is used in intermediate calcula-
156 Fraction of current friendly combat-ready tions of changes in aircraft inventorfes.
aircraft inventory of attacker type assigned 182 This variable 1s used in intermediate calcula-
to an interdiction mission. ° tions of changes in aircraft inventories.
157 Fraction of current friendly combat-ready 183 This variable is used in intermediate calcula-
aircraft inventory of attacker type assigned - tions of changes in aircraft inventories.
to a CAS mission. 184 A(184)--when unity, FEBA velocity influenced by
158 Fraction of current friendly combat-ready offensive casualty ratio. B(184)--number of
alrcraft inventory of attacker type assigned days over which offensive casualties summed for
to an air defense mission. test of casualty level.
159 Fraction of current friendly combat-ready 185 Least offense casualty rate to influence FEBA
aircraft inventory of attacker type assigned advance rate.
£ an escort miseion. 186 Offense casualty rate for zero advance.
160 Fraction of current friendly combat-ready
aircraft inventory of bomber type assigned 187 zotal change in fighter aircraft inventory per
to an airfield strike mission. ay-
i ft 1 t e
161 Fraction of current friendly combat-ready 188 ggtal change in attacker aircraft fnventory per
aircraft inventory of bomber type assigned y-
to an interdiction mission. 189 Total change in bomber aircraft inventory per
162 Fraction of current friendly combat-ready day.
aircraft inventory of bomber type agsigned 190 Troop casualty rate due to ground conflict; com-
to a CAS mission. puted as a function of offense/defense role and
163 — force ratio.
164 191 Change per day in number of friendly division
- slices.
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ARRAY OF VARIABLES AND PARAMETERS--Continued

Index Index
No. in a No. in
Array Description Array Descriptiona

192 Ratio of current friendly supply require- 216 Total probability of hostile aircraft being
ments to original friendly supply capa- destroyed by friendly SAMs (except close-
bility (both in toms-per-day). support and counter-SAM).

193 -— 217 Total probability of hostile CAS aircraft

194 Change per day in position of the front being destroyed by friendly SaMs.
line (positive is advance by friendly 218 Total number of active friendly SAMs.
side). 219 Total number of damaged friendly SAMs.

195 Re}nforcement rate of friendly division 220 Number per day of friendly SAMs brought into
slices per day.

the theater.

196 Current number of full-strength friendly
division slices supplied by existing 221 Repair rate of SAMs.
friendly supply system. 222 Probability that a hostile fighter aircraftr is

i y d.

197 Number of friendly atomic bombs delivered destroyed while attacking a friendly airfiel
per day against enemy fighter airfields. 223 Probability that a hostile attacker aircraft is

198 Number of friendly atomic bombs delivered destroyed while attacking a friendly airfield.
per day against enemy attacker airfields. 224 Probability that a hostile bomber aircraft is

; ; - ‘1

199 Number of friendly atomic bombs delivered destroyed while attacking a friendly airfield.
per day against enemy airfields. 225 Probability that a hostile fighter on a counter-

200 —_— SAM mission is destroyed by a friendly SAM.

201 Fraction of friendly combat-ready fighter 226 g:gba?il%ty Fha; athos:;l:va;tiigzgd?s gA;oun:er-
aircraft currently assigned to a countar- mission is destroy ’ - ’

SAM mission. 227 Probability that a hostile bomber on a counter-
i . 1 M

202 Fraction of friendly combat-ready attacker SAM mission is descroyed by a friendly SAM.
aircraft currently assigned to a counter- 228 Original supply capability in thousands of tons
SAM mission. per day (at day 0).

203 Fraction of friendly combat-ready bomber 229 Supplies (fraction of original supply capability)
aircraft currently assigned to a counter- in theater on friendly side.

SAM mission. . :
230 Sorties per day per combat-ready friendly aircraft

204 Number of friendly aircraft sorties gen- for sustained operation on a counter-SAM mission.
erated by the fraction of the fighter
aircraft inventory assigned per day to 231 Current total friendly aircraft.
counter-SAM strikes. 232 Current total number of SAMs.

205 Number of friendly aircraft sorties gen- 233 Current supply capability in thousands of tons
erated by the fraction of the attacker per day.
aircraft inventory assigned per day to 234 Cumulative losses of friendly division slices.
counter-SAM strikes.

. . . X .

206 Number of friendly aircraft sorties gen- 235 Cumulative losses of friendly aircraft (all types).
erated by the fraction of the bomber air- 236 Cumulative losses of friendly SAMs (damaged and
craft inventory assigned per day to destroyed).
counter-SAM strikes. 237 Cumulative friendly counter-air sorties.

207 Number per day of friendly air;raft sorties 238 Cumulative friendly interdiction sorties.
of type SF6 that arrive at their target.

239 Cumulative friendly CAS sorties.

208 Number per day of friendly aircraft sorties .

’ - ies.
of type sAﬁ that arrive at their target. 240 Cumulative friendly air-defense sorties
) 241 Cumulative friendly escort sorties.

209 Number per day of friendly aircraft sorties —QAM

of type 556 that arrive at their target. 242 Cumulative friendly counter-SAM sorties.
’ 243 Cumulative friendly fighter sorties.

210 Probability that an effective fighter .
sortie on a counter-SAM mission destroys 244 Cumulative friendly attacker sorties.
a SAM. 245 Cumulative friendly bomber sorties.

211 Ratio of probability that an effective 246 Cumulative friendly sorties (all types).
zogigetgnpa counter-SAM mission destroys 247 Total augmentation of friendly division slices.

S 248 Total effective SAM sorties (in fighter-type

212 Ratio of probability that effective bomber equivalents).

;o;;;etgn a counter-SAM mission eliminates 249 Friendly losses per day of fighters on counter-
Psam’ air and SAM missions.

213 Probability that a friendly SAM engages a 250 Friendly losses per day of attackers on counter-
non-close-support penetrator. air and SAM missioms.

214 Probability that a friendly SAM engages a 251 Friendly losses per day of bombers on counter-
CAS penetrator {(SAM coverage/CAS area). air and SAM missions.

215 Fraction of engaged penetrators killed by 252 Constant used in determining the rate of movement

a friendly SAM.

of the front line.
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ARRAY OF VARIABLES AND PARAMETERS--Continued

Index Index
No. in No. in
Array Descriptiona Array Descriptiona

253 Constant used in determining the rate of 275 Cumulative friendly aircraft losses due
movement of the front line. to enemy air defense.

254 Constant used in determining the rate of 276 Cumulative friendly aircraft losses due
movement of the front line. to enemy counter-air attacks.

255 The ratio of the number of enemy SAMs 277 Cumulative friendly aircraft losses due tc
damaged per enemy SAM destroyed. enemy SAMs and airfield defense.

256 Number of friendly fighter shelters. 278 Ratio of parked aircraft killed by a friendly

257 Number of friendly attacker shelters. attacker to those killed by a fighter aircraft.

279 Ratio of parked aircraft killed by a friendly

258 . e

3 Number of friendly bomber shelters bomber to those killed by a fighter aircrart.

259 Current Fumber of friendly fighters in 280 Ratio of friendly to enemy ground forces.
sanctuaries.

260 Current number of friendly attackers 281 ieﬁtipii;r oi co?guzzd ;r?gs Z??:iiiieraces;
in sanctuaries. or defensive torce, :

261 Current number of friendly bombers in 282 Multiplier of computed FEBA velocity.
sanctuaries. 283 Total daily friendly fighter losses.

262 Expected number of enemy shelters de- 284 Total daily friendly attacker losses.
stroyed by one effective friendly
counter—air fighter sortie. 285 Total daily friendly bomber losses.

263 Expected number of enemy shelters de- 286 Short-range fire units per division.
stroyed by one effective friendly 287 Maximum daily firing rate for short-range
counter—air attacker sortie. units.

264 Expected number of enemy shelters de- 288 Theater stockage of short-range rounds.
stroyed by one effectiv€ friendly 289 Long-range fire units per division.
counter-air bomber sortie.

265 Probability of a friendly shelter being 290 ﬁift:“m daily firing rate for long-range
destroyed by conventional-weapon enemy :
airfield strike sorties. 291 Theater stockage of long-range rounds.

266 Number per day of friendly fighters 292 Sorties required to sweep battle areas.
destroyed in shelters. 293 Probability a recce sortie detects an enemy

267 Number per day of friendly attackers short-range fire unit in one pass.

d .
estroyed in shelters 294 Probability a recce sortie detects an enemy

268 Number per day of friendly bombers long-range fire unit in one pass.
destroyed in shelters. 295 Probability a recce sortie detects an enemy

269 Augmentation per day of friendly fighters troop unit in one pass.
in sanctuaries. 296 Probability a short-range weapon catches and

270 Augmentation per day of friendly attackers kills an enemy short-range unit.

1) t .
n sanctuaries . 297 Expected number of troop units caught and

271 Augmentation per day of friendly bombers killed by a short-range weapon.

i .
n sanctuaries 298 Probability a long-range weapon catches and

272 Number of troop target units per division. kills an enemy short-range unit.

‘273 Cunulative friendly aircraft losses (all 299 Probability a long-range weapon catches and
types) due to non-combat causes. kills an enemy long-range unit.

274 Cumulative friendly aircraft losses due 300 Expected number of troop units caught and

to enemy antiaircraft artillery.

killed by a long-range weapon.
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