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Chapter 1

INTRODUCTION
STATEMENT OF THE PROBLEM

Interdiction of enemy logistics systems represents
one of a number of possible uses of tactical aircraft dur-
ing a military conflict. Since the number of aircraft
sorties available may be quite small when compared to the ;

total number of sorties required to support all the tactical

air missions, it may not be possible to perform inter-
diction on a continuous basis, However, a limited inter-
diction campaign against the logistics system supporting a

segment of the enemy forces might be very effective in

halting an enemy attack or reducing the enemy's defensive
capabilities in a specified geographical region for a fixed
period of time., Factors which should be considered when

attempting to predict the results of a limited interdiction ;

campaign include: enemy ai; defenses, the number of air-
craft sorties available, the length of the proposed cam-

paign, aircraft/weapon effectiveness against the various

targets, and the characteristics of the enemy logistics

system,
Currently, several existing computer models allow

the user to determine the effect of a specific allocation
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of aircraft sorties against the components of a logistics
system (2; 5; 7; 10; 17). The smaller models concentrate
on a single component of the logistics system and do not
consider attacks against other logistics targets (2; 5; 10).
Use of the larger models to determine the effect of a |
limited interdiction campaign may be possible (7; 17). |
However, this approach appears to be time-consuming and
extremely inefficient since these models consider many fac-
tors beyond the scope of a limited interdiction campaign.
The larger models require enormous amounts of preparation,
computer support, and analysis., Further, these models

lack the ability to treat continuous changes in the simu-

lation. The tactical air interdiction planner needs a

method of determining the effect of a given strategy of
allocating available aircraft against targets in a logis-

tics system (13).
BACKGROUND

General

In any military conflict the air force commander
will have only limited resources for attaining his objec-
tives, Thus, he faces the problem of how to employ his
forces effectively., Included in this problem is the allo-
cation of aircraft sorties to tactical air operations such
as counterair, close air support, reconnaissance, electro-

magnetic countermeasures, defense suppression, and




interdiction. Only limited air interdiction of a logistics
system and the defense suppression effort required to sup-
port this interdiction are considered in this study. Air
interdiction is defined as operations that are

« +« « conducted to destroy, neutralize, or delay

enemy military potential before it can be brought to
bear effectively against friendly forces, at such
distance from friendly forces that detailed integra-
tion of each air mission with the fire and_movement
of friendly forces is not required [25:7-1].
Defense suppression involves the use of aircraft in attack-
ing enemy air defenses to reduce their capability to defend
their air space and resources (25:15-1).

Interdiction missions against the various compo-
nents of the enemy's logistics system are one way of
destroying, neutralizing, or delaying his military poten-
tial, These attacks can be categorized on the basis of the
targeted component., Some categories of interdiction of a
logistics system are (2:2):

a. Anti-capacity: attacks on the roads, bridges,
canals, and railroad lines which form the
transportation network. The purpose of
the attacks is to reduce the capacity of"
the network to handle traffic,

b. Anti-capability: attacks on the trucks, trains,
and boats which move the material. The
purpose of the attacks is to reduce the

capability of the transportation fleet

to move material.

3
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c. Anti-goods: attacks on stockpiles, warehouses
and depots which contain material. The
purpose of these attacks is to destroy
materials required for combat.

d. Other: attacks on other components of the
logistics system, such as personnel and
maintenance facilities. The purpose of
these attacks is to reduce the capability
of the logistics system to support combat

A literature review revealed that several studies

have been conducted on various facets of air interdiction.
Ashley included summaries of eight studies which address
interdiction of Lines of Communication (LOC) networks or
supply vehicles (2:59-60). Beasley listed summaries of 14
applications of simulation models to the study of inter-
diction (4:4-6). Several algorithms and computer simula-
tion models have been developed to study tactical air

interdiction (1; 5; 7; 17).

Anti-capacity Interdiction
Previous research on anti-capacity interdiction

included network modeling and analysis techniques (2; 5;
8; 14; 19). A network is established which consists of a
set of nodes (points which represent the junction of two
or more links) and 1links (lines which represent roads,

canals, railroad lines, etc.). A node may represent a
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city, port, transshipment point, or route intersection. %

An example of a transportation network is shown in i

Figure 1-1, i

Figure 1-1. Transportation Network

Carriers are limited to movement along the links
as they transport goods from one location to another. It
has been assumed that if a link is cut then carriers are
delayed or are forced to use an alternate path until the
link is repaired (5:15-8). Goods enter the transportation
network at the source node and flow through the network to
the sink node. After the goods reach the sink node, they
drop out of the transportation network. The time required
for a given quantity of goods to transverse the network is
dependent upon the capacity of the links in the system and

the distance the goods must travel. Link capacity has been




A et

defined as the number of vehicles which can use the link

per unit of time or as the tonnage of goods which can be

moved over the link per unit of time., These definitions
are dependent on a specified traffic discipline which is a
function of: the spacing of the vehicles, the size and
speed of the vehicles, and the physical condition of the ]
link (i.e. two or four lanes, hilly or level terrain,

unimproved or paved, etc.). The effectiveness of air

interdiction sorties against a transportation network is

often measured by determining the reduction which is

achieved in system thruput capacity (measured in tons/hour)

(1; 2; 4; 5; 7; 8; 173 19).

Anti-capability Interdiction

Researchers have studied anti-capability inter-
diction through the use of computer models to simulate the
capability of the enemy vehicle fleet to move material

(5; 10; 17). The basic approach is to estimate the capac-

ity of each type of vehicle (trucks, trains, boats) avail-
able to the enemy and the number of each type of vehicle
that he possesses., A compufer model is used to determine
the capability of the available vehicles to transport
goods over the transportation network for a specified time
span, Then air interdiction attacks are directed against
the vehicles., The success of these attacks is a function

of many factors, Some of these factors are: the
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probability of locating a vehicle, the effectiveness of the
particular aircraft/weapon load against the type of target
being attacked, the number of attacking aircraft, and the
effectiveness of the enemy's air defense system (5:1121-138;
9). Air interdiction results are measured by the number

of aircraft lost, the type and number of vehicles destroyed,
the amount of goods destroyed by attacking the vehicles,

and the amount of thruput denied (1; 5; 10; 17).

Anti-goods Interdiction

Anti-goods interdiction has been investigated by
using computer models to estimate the results of an air-
craft attack against a target, such as a warehouse or stock-
pile of material, using a specified weapon load (16). Some
of the factors used in this type of model include: the
speed and dive angle of the aircraft at the instant the
munitions are released, the expected aiming error, the num-
ber of munitions released, and the vulnerability of the
target to damage or destruction caused by the munitions
kill mechanisms. Attack results can be measured in terms

of the expected quantity of goods destroyed (16:18).

Air Defenses

The effect of enemy air defenses on attacking air-
craft is treated in a similar manner by most computer
models, The sophistication of this treatment, however,

varies from model to model and appears to be consistent

7




with the level of sophistication of the specific model.

The normal procedure is to resolve the effect of the air
defense system on the attacking force (in terms of reducing
the number of aircraft attacking the target) before the
results of the attack are computed (13 3; 5; 7; 16; 17).
Finally, some researchers have added more realism to their
model by subjecting the attacking force to attrition caused
by enemy air defenses encountered enroute to and from the
target and by allowing for allocation of aircraft to the

defense suppression mission (7:1-2),

Computer Simulation

Simulation is defined as the process of conducting
experiments on a model of a system (18:1). Researchers
employ simulation techniques when it is not practical to
experiment with the real world, For example, simulation
is used when the system to be modeled is too complex for
analysis by other means, when it is not feasible to experi-
ment with the actual system because of the costs in&olved,
or when experimenting could cause unreasonable disruption
in the system (3:6). The researcher first abstracts the
essential aspects of the system and then develops a model
which can be used for purposes of experimenting, prediction,
and control (20:9).

: A system is defined as ". . . an aggregation or

assemblage of objects joined in some regular interaction
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or independence [15:1]." Each system is influenced by
activities occurring within its boundaries (endogenous
activities) and by activities outside its boundaries (exog-
enous activities). Every system can be described in terms
of entities, attributes, and activities (15:2). An entity
denotes an object of interest which interacts with other
items in a system. An attribute denotes a property of an
entity, while an activity defines any process that causes
change in the system (15:2).

A model can be defined as "an abstraction of some
real system that can be used for purposes of prediction
and control [20:9]." The ideal model identifies the system
in the simplest manner without distorting the operation of
the system in the real world. A model is not only a
"substitute for a system, but also a simplification of the
system [15:7]." A model can be described as a physical or
mathematical model with static or dynamic characteristics.
A physical model is a tangible representation of a system,
but is usually reduced to a manageable size for research
purposes, In a mathematical model the aspects of the sys-
tem are represented by mathematical variables interrelated
by mathematical equations (15:10). A model having static
characteristics displays the relationships among the system
attributes when the system is in equilibrium, while a model
having dynamic characteristics allows modeling of the change

processes in the system attributes (15:11).

9
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Historically, researchers have developed computer

simulation models using discrete simulation techniques

(1; 5; 7; 17). However, with the development of the

GASP IV computer simulation language, researchers can now
use continuous simulation techniques (21; 22). In discrete
simulation, changes in the dependent variables (events)
start, stop, or occur "instantaneously" at a specified
point in simulated time. The term "instantaneously," as
used here, means an occurrence of an event within a very
short period of time relative to the time scale of the over-
all process being modeled. Only scheduled events can occur,
Between events the system operates in a steady state. In
continuous simulation, events occur when certain prescribed
conditions (thresholds) are met. The dynamic processes in
the model may cause the system to arrive at one or more
thresholds, thus creating events that were not scheduled
(13).

The continuous simulation capability of GASP IV
allows the researcher to increase the realism of his model,
Although a researcher attempts to use the best simulation
techniques available, he cannot be certain that he will
determine the most effective solution to his problem. He
can only operate on a model of the system and then use
". + « his analysis of the results to determine what he
believes is the best course to follow [9:323]." The real

world results obtained after implementation may be

10




significantly different from the results predicted by the
model. This difference may be attributed to variables and
their relationships which are present in the real world but

are not adequately described in the model (9:322-324),
JUSTIFICATION

The general tactical interdiction problem is to
select target elements from among vehicles, road links,
rail nets, and waterways supplying a combat force in
order to effectively reduce the combat capability of
that force [8:1].

Since the number of possible targets usually exceeds the
number of available aircraft, the planner needs to avoid
the selection of targets which have little or no effect in
reducing the flow of supplies (3:3). A computer simulation
model employing a method to estimate the reduction of sup-
plies resulting from attacks on specific targets can help
the planner in his efforts.

Limited research has been accomplished to identify
the effect of allocating a proportion of available air
interdiction sorties to the defense suppression role during
an air interdiction campaign (7). The application of a
limited interdiction force to disrupt the enemy's logis-
tics effort over a specified period of time has not been
modeled using continuous simulation techniques., In addi-
tion, Bailey and Szwarc have recommended that GASP IV sim-

ulation techniques be applied to the interdiction of a

logistics system (3:50).

11
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OBJECTIVE

The objective of this research was to develop a
computer model, using the GASP IV simulation language, to
provide a method of determining the effect of a limited
tactical air interdiction campaign on a logistics network
in light of:

1. The characteristics of the vehicles and lines
of communication in the enemy's logistics system and the
supply requirements at the forward edge of the battle area
(FEBA) ;

2. The number of available sorties; and

3. The effect of diverting air interdiction air-

craft to the defense suppression role,
RESEARCH QUESTIONS

In order to satisfy the research objective, it was
necessary to answer the following questions:

1. How can GASP IV be used to determine the effect
that limited interdiction of a logistics system may have in
reducing the enemy's freedom of operation?

2., How can GASP IV be used to evaluate the impact
of an investment in defense suppression on the effective-

ness of a limited air interdiction campaign?

12

it i el i it i e




Chapter 2

METHODOLOGY
INTRODUCTION

In this chapter we discuss two subjects: first,
a description of the GASP IV simulation language and
second, a description of the scenario that was modeled,
The interdicting force is referred to as the blue force.

The ground force is referred to as the red force.
DESCRIPTION OF GASP IV

General

GASP IV is a FORTRAN-based, simulation language
which can be used for discrete simulation, continuous sim-
ulation, or combined simulation (21:3). "Discrete simula-
tion occurs when the dependent variables of the model
change discretely at specified points in simulated time
(21:8]." In continuous simulation, events occur when cer-
tain prescribed conditions are met. The dynamic processes
in the model may cause the system to arrive at one or more
thresholds, thus creating events that were not initially
scheduled. When using combined simulation, the dependent
variables in the model may change continuously or dis-

cretely. In combined simulation, the time variable may

13




change by discrete intervals or continuously (21:3-8).
Events which occur at a predetermined time are called time-
events, An example of a time-event is the daily ordering
of supplies., Time-events are stored in a file based on the
time they occur. An attribute vector which contains the
variables which describe the event is used to store events
in the file and to withdraw events from the file at the
proper time,

Events which occur when the system reaches a cer-
tain condition are called state-events)_ An example of a
state-event is the reduction in supply use when the sup-

plies on hand fall below a predetermined level. State- E

events can be used to schedule time-events, add or delete
variables from an equation, change rules governing behav-
ior, accelerate or prevent the occurrence of scheduled
events (22:3).

When GASP IV is being used for combined simulation,
the simulated time moves forward in discrete steps, At
each step the continuous variables are evaluated to deter-
mine if they are at or beyond the prescribed conditions
which describe a state-event, If a state-event has been
passed, the time variable is backed up until the state-
event occurs. The time-step is automatically adjusted to
insure all time-events occur at the end of a time-step

(22+3-4)., Use of state-events in combined simulation can

14




result in a very dynamic model that includes interactions

that cannot be predicted analytically.

User-written Programs

GASP 1V requires several user-written programs,
The user must write the MAIN program which gains access to
the GASP IV supplied programs. The user must write a sub-
routine for each event and an EVNIS subroutine which
identifies the event codes and calls the appropriate event
subroutine, Initial conditions at the start of the simula-
tion and initial values of user-defined variables are read
into the model in the user-written INTILC subroutine. Sub-
routine OTPUT is written by the user to provide final cal-
culations and printout of information not provided by the
GASP SUMMARY subroutine (21:56-66).

Two additional subroutines are required when using
continuous simulation or combined simulation. Equations
used to calculate the value of continuous variables are
provided by the user in subroutine STATE (21:58-64).
Threshold values used to determine when a state-event has
occurred are provided by the user in subroutine SCOND
(21:64-66), Unique statistics on the state variables can
be collected if the user writes a SSAVE subroutine

(21:66-67).
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GASP IV Supplied Programs
GASP IV has three subroutines which collect statis-

tics during the simulation run., These statistics include:
estimates of the means, standard deviations of the data,
standard deviations of the means, maximum and minimum
values observed, and the number of observations on which
the statistics are based (21:129-133), The COLCT sub-
routine collects statistics which are not weighted by the
length of time that a value of variable exists (21:133-
134), Subroutine TIMST collects statistics variables
which maintain a constant value between data collection
points, The statistics collected by TIMST are weighted
by the length of time the value existed (21:134-135).
Statistics on variables which change between events are
collected by the TIMSA subroutine., The TIMSA subroutine
computes an average value which is assumed to be an approx-
imation of the value of the variable during the interval
between data collection points (21:137-138).

GASP 1V has a pseudo-random number generator for
use with probablistic computations. Separate starting
values can be set for each random number stream, thus
maintaining independence between the distributions.

GASP IV has the capability to generate random values from
a variety of distributions, including: the uniform, tri-
angular, normal, lognormal, Erlang, gamma, beta, and

Poisson distributions (21:158-175).
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GASP IV also has many other subroutines that are
used primarily for internal processing of the simulation.
Information on GASP IV can be found in The GASP IV Simu-
lation Language and The GASP IV User's Manual (21; 22).

Details of the GASP IV language as loaded on the AFLC
CREATE system are contained in "Construction and Evaluation
of a Cardin Systém of GASP IV for Inclusion in the Air

Force Institute of Technology Graduate School Curriculum

(6]."

DESCRIPTION OF THE MODEL

General Information

In order to apply a particular strategy of allo-
cating air interdiction aircraft against targets in a
logistics system, the blue force air operations planner
must gather intelligence information about the structure
of the red force's logistics network. We assumed that the
blue force planner could obtain valid information about
the number of red force supply trucks, the condition and
capability of each link and node in the road network, and
the traffic discipline that the red force transportation
officer typically employs. Variables such as repair time
for trucks and 1links, network absorption, and the proba-
bility of weapon effectiveness against a given target may
be estimated by the planner based on intelligence estimates

and the Joint Munitions Effectiveness Manuals (26). In
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order to avoid the problems of handling classified infor-
mation, we did not depict an actual interdiction scenario
in this simulation. All variables used in developing this
model were assigned arbitrary values within the reasonable

range for each variable,

Scenario

The scenario which was modeled is a 15 day tactical
air interdiction campaign against the logistics system
which is supporting a segment of the red forces on the
front lines, In this scenario the blue force commander
(interdictor) is attempting to limit the red force's ground
combat cababilities by reducing the quantity of supplies
available in the forward combat units. To accomplish this
goal, the blue force commander directed that a limited
number of aircraft sorties be allocated to attacking the
red force logistics system, It is not possible for the
blue air forces to attack the heavily defended red force's
supply depot (network source) located 100 miles behind
the FEBA. Upon leaving the major red force supply depot,
there are a limited number of roads going toward the FEBA
until reaching a point (network sink) 10 miles behind the
FEBA. Ten miles behind the FEBA, a dense network of roads
begins which can be used to reach the forward combat

units.
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After an analysis of the situation, the blue force
air operations planner has decided to direct the inter-
diction campaign against the road network located between
10 and 100 miles behind the FEBA. If a defense suppression
capability is desired, a portion of the daily interdiction
sorties may be used in that role to reduce the red force's
air defense capability at each target. If the defense
suppression attacks are successful, the red force's air
defense capability will be neutralized and the expected
attrition rate of follow-on aircraft will be zero.

Since roads, bridges, and tunnels are fixed targets,
the blue force aircraft can locate these targets easily.
Aircraft assigned to attack trucks face the problem of
locating a truck before they can attack it. The blue force
aircraft search for trucks by flying along roads in an
attempt to spot trucks. Since trucks are fairly small, it
is not possible to spot every truck on the road network.
Blue force intelligence information includes the strength
and location of red force air defenses and the roads being
used by red force supply trucks.,

Blue force aircraft employ two weapon delivery
tactics. Defense suppression aircraft and aircraft attack-
ing the road network employ the multiple-aircraft-single-
pass (MASP) tactic. When employing this tactic all attack-
ing aircraft release their entire bomb load before target

destruction evaluation occurs, The attack either produces
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damage to the target or no damage occurs. In either case,
follow-on aircraft attack their assigned targets. Aircraft
attacking trucks employ the single-aircraft-single-pass
(SASP) tactic. When using the SASP tactic, a single air-
craft drops one-half of its munitions in a single pass.
After the pass, a damage evaluation is made to determine if
the truck has been destroyed. If the truck is damaged, air-
craft with munitions loads remaining search for other
trucks. If the truck is not damaged, it is attacked again.
Since the attacking aircraft are in the same flight as the
original attacking aircraft, the truck does not have to be
redetected.

The red force commander has ordered that a reserve
of three days' maximum supply be maintained in the forward
combat units to provide the required operational flexi-
bility. One day's maximum supply is the quantity of supplies
consumed by the red force combat units during one day of
maximum intensity combat. Each day, the red force combat
unit will order enough supplies to meet the expected usage
for next day plus any supplies required to bring the supply
reserve back up to the established three day maximum con-
sumption level and to replace supplies used by the trucks
and air defense weapons during the previous day's opera-
tions.

The red force transportation officer has established

the following method of moving supplies to the forward
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combat units. Each truck departing the rear supply area
(source) carries a homogeneous mixture of the different
types of supplies needed at the battlefront. This mixture
of supplies reduces the possibility of a shortage of a par-
ticular type of supply at the front. To minimize truck
losses due to blue force interdiction efforts, supply
trucks depart the rear supply area and the forward combat
area (FEBA) with a distance of one mile between trucks.,
Further, the trucks will only operate a maximum of 12 hours
per day to prevent the assumed high destruction by inter- %
dicting aircraft during the daylight hours. The red force |
transportation officer has decided that this departure
interval provides an adequate compromise between meeting

supply requirements and minimizing truck losses due to

blue force interdiction. Consequently, a route assignment

procedure has been developed to increase truck use,

1. Sufficient trucks are assigned to the
unassigned route with the shortest round trip time to pro-

vide a steady flow of trucks spaced a minimum of one mile

apart,
2, Step 1l is repeated until there are no more
trucks available, or there are no more routes available,
Sufficient handling capacity is available at both
the supply depot and the forward combat area to permit
the loading or unloading of a truck to begin as sooﬁ as

the truck arrives at its destination.
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In addition, the red force transportation officer
has directed that all supply trucks will empty the road
network by the end of the 12 hour operating period each
day.

The excellent red force communications system
allows instantaneous reporting of road conditions. This
capability permits immediate changes in the routing of
supply trucks prior to starting the day's operations.

The red force motor pools have sufficient capa-
bility to keep 80 percent of the total number of red force
supply trucks in operation. Red force mechanics can sal-
vage sufficient parts to repair 60 percent of the supply
trucks which are damaged by aircraft attacks.

The red force civil engineer has sufficient trans-
portation resources to move any supplies and equipment
needed to repair the roads and bridges of the road network.

The red force air defense system has been posi-
tioned based on the vulnerability of the individual road
network links and their importance. Some parts of the
road network, such as bridges, are heavily defended. Most
of the roads have only sparse protection., As a result of
the red force's excellent warning system, all blue aircraft
are detected before they can attack their assigned targets.
This allows the red force's air defense weapons to fire at
the blue force aircraft before they release their munitions

loads. If an aircraft is hit, it cannot attack its target
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and is considered to be damaged or destroyed. If an air-
craft is damaged, this reduces the blue force aircraft
sortie rate by one sortie per day until the aircraft can be
repaired, If an aircraft is destroyed, this reduces the
blue force aircraft sortie rate by one sortie per day for

the remainder of the campaign.
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Chapter 3
DESIGN OF THE SIMULATION
GENERAL DTSCUSSION

The simulation model was designed following the
scenario described in Chapter 2. While the model follows
the general outline of the scenario, use of data input
files provides for flexibility in the situation being
modeled. In this chapter we first provide a general
description of how the model operates, Detailed instruc-
tions on the construction of data files and output inter-
pretation are contained in Appendix B. Second, we dis-
cuss the measurement of interdiction effectiveness. Third,
the assumptions we made and some of the model limitations

are presented.

SIMULATION CYCLE

Preparation

The simulation cycle begins with the preparation
of the data input files. A basic assumption in design of
the model was that the necessary information can be
obtained or estimated using available intelligence sources.

Preparation of the data files is accomplished following

24




+ gy

the instructions in Appendix B. Once the data files have

ek

been constructed and verified for accuracy, the model can

be run.,

Model Operation

Initialization. Model operation begins with the initial-

jzation of the GASP IV and user-supplied variables. Dur-
ing initialization, the input data files are read and
printed as part of the simulation output.

After the data files are read in, all of the feas-
ible routes through the road network are determined using
the methodology developed by Beaumaster and Robinson.
These feasible routes are stored in a matrix for later use
(5:107-111). Next, the number of aircraft required to
attack each link and the number of defense suppression
aircraft required to support each attack are computed.

The number of aircraft required to attack a target is com-
puted as follows:

1. The minimum number of aircraft after exposure

to enemy air defense is found by using the formulas

log(l-Ps)/log(l-Pac)

where Nac is the minimum number of surviving aircraft
required to attack the target with a predetermined prob-
ability (Ps) that the target will be killed; and P__ is

the probability of kill for a single aircraft attack
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against the target (12:18). Pac values may vary from tar-
get to target for targets within the same class (i.e., dif-
ferent links) and between target classes (links, defense
suppression, trucks). We assumed that all targets could be
killed by a single aircraft. Since Nac may be a real num- |
ber, it is rounded up to the next highest integer when a
fractional value occurs. For example, a value of Nac =

2,35 would be rounded up to 3. We used a Ps value of .9 #

in the current model.

2. The number of aircraft required to conduct the
E attack (N) is computed. This number represents the number
of expected aircraft losses due to enemy air defense action

plus Nac‘ The formula used for this calculation is:

N = N, /(1-P_4.)

ads

where Pads is the probability of kill for the air defense
system defending the target when shooting at a single air-
craft.

The strength of the red force's air defense system
was varied based on the type of target that is being
defended and the criticality of that target to the opera-

tion of the logistics system, While air defense weapons

can be moved, no attempt was made to change the initial air
5 defense weapon deployment during the simulation. We

assumed that the blue force intelligence information can

YRRV TOAT

be used to determine the location and number of the air
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defense weapons protecting each target in the system., We
further assumed that the concentration of air defense
weapons will be greater for a high value target, such as
a bridge, than for a relatively lower valued target, such
as a road. The deployment strategy of the air defenses
impacts directly on the attrition rate for attacking air-
craft. The probability of kil! of an aircraft by an air

defense system (P_,_ ) is calculated by using the formula:

ads

& N
P 1 - (I-Pad) ad

ads

where Pad is the probability of success or kill of an air-
craft by a single air defense weapon and Nad is the number
of identical air defense weapons in the complex encountered
by the attacking aircraft (12:8). We assumed that the
probability of kill for each air defense weapon is an
independent event., An aircraft kill is defined to be dam-
age or destruction to an aircraft which prevents it from
attacking the assigned target.

A modifying factor is the blue force's capability
to schedule defense suppression sorties against the air
defense system. The probability of an air defense weapon
complex neutralization by defense suppression aircraft

(Psds) is found using the formula:

= N
P 1 - (1-Pac) ac

sds




where Pac is the probability of one aircraft attack neu-
tralizing an air defense weapon complex and Nac is the
number of attacking aircraft (12:15). An air defense weapon
complex kill is defined as preventing all air defense weap-
ons in the complex from firing at attacking aircraft for

q minutes., For this research effort, q was arbitrarily set
equal to 36. The quantity of supplies used by the air
defense system is a function of the nmumber of air defense
weapons and the number of aircraft attacks. After initial-
ization, the first scheduled event in the simulation cycle

should be a daily operations event.

Daily operations. At the start of each model day, the

day's operations for the red and blue forces are planned
and the daily interdiction effectiveness indexes are com-
puted. The actual sequence of events within the DAILYOPS
subroutine is as follows:

1. Computation of the daily troop supply use rate
and the daily supply order.

The hourly troop supply use rate is equal to the
current day's planned supply use divided by 24 hours; If
the stock of supplies on hand falls below a predetermined
level, the red force commander reduces the daily supply
usage rate for combat troops to a predetermined minimum
level, If the quantity of supplies on hand at the FEBA

at the start of the day is less than the minimum level,
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the hourly troop supply use rate is set equal to the daily
minimum supply use value divided by 24.

The red force commander's demand for supplies
varies from day to day depending on his projected activity.
The estimate of daily supply usage is stored in an array
and used to determine the red force's supply order and
troop supply use rate, If the quantity of supplies
received is less than the daily usage, the red force supply
officer makes up the difference by withdrawing supplies
from his supplies on hand. Thus, the daily supply order
is equal to the sum of the quantity of supplies required
to replace the previous day's truck and air defense weapon
supply use, the next day's planned troop supply use and
the quantity of supplies required to bring the supply stock
at the FEBA up to the desired level.

2, Computation of the Unrestricted Support Index,
Programmed Support Index, Minimum Support Index, Daily
Combat Index, and the Daily Minimum Operations Index.

3. Scheduling and execution of interdiction

cr

y the input data

(47

attacks against links il autiiorize
Three attack strategies are built into the model.
These strategies are:
a. Use all aircraft to attack trucksj;
b. Use aircraft to attack one link in the

road network and use the remaining aircraft to attack

trucks;




c. Use aircraft to attack two links in the
road network and use the remaining aircraft to attack
trucks.

In addition, a defense suppression capabilityv
option can be used with each of the above strategies.
Since the blue force has a limited number of aircraft, all
aircraft used in the defense suppression role are taken
from the total number of interdiction aircraft. Therefore,
there are six attack options available,

Selection of the link or links to be attacked is
based on maximum thruput denial. For single link attacks,
the effect of attacking a link is determined in the follow-
ing manner, First, an estimate is made of the red force's
daily thruput capability based on the current network con-
ditions and the rnumber of trucks available for use.

Second, the current condition of the network is modified

to reflect the effect of a successful attack against a
single 1link., Third, an estimate is made of the red force's
daily thruput capability based on the modified network
cenditions. Finally, the effect of attacking the link is
found by subtracting the interdicted thruput capacity from
the uninterdicted thruput capacity. This procedure is
repeated until the effect of attacking every link in the
network has been calculated. Actual target selection con-
sists of selecting the link that results in the largest

expected thruput reduction. The effect of attacking each
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1link is weighted by the required repair time. For example,

a link that would require a two day repair time, would have

its one day expected thruput reduction multiplied by two.
Two link attacks are selected in a manner similar

to one link attacks. The effect of attacking two links is

initially determined by comparing the thruput capability
of the interdicted network with the thruput capability of
the uninterdicted network. Thruput reduction is based on
the total reduction for the period of time that both links
are damaged plus the thruput reduction of the damaged link
with the longest repair time for the period of time
between repair of the first link and the second link. The
final thruput reduction value is the sum of three values.
These values ares

a, The thruput reduction achieved by attacking
the two links times the probability that both links will be
damaged;

b. The thruput reduction achieved by attacking
the first link times the probability that only the first
link will be damaged;

c. The thruput reduction achieved by attacking
the second 1link times the probability that only the second
1link will be damaged.

Actual target selection consists of finding the pair of
links that, when attacked, result in the largest expected

thruput reduction. Execution of the link attacks occurs
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instantaneously and the results of the attacks are used to
modify the conditions in the road network. A random number
generator is used to determine if each attack succeeds or
fails.

4, Assignment of red force trucks to their routes,
scheduling of the first truck departures, and scheduling of
the last truck departure for the day.

The number of trucks that the red force transpor- 1

tation officer has available is limited. The actual number

of trucks available in the system each day is reduced by
the projected in-commission rate of the particular type of
truck, the number of trucks destroyed by air interdiction,
and the red force's repair and replacement rate of combat
damaged vehicles, Only one type of truck is used in this
model. The payload capacity of this type of truck is four
tons.

Red force truck assignments are based on the network
conditions after link interdiction has occurred and are
maintained without change for the day's operation. Truck
assignment is based on maximizing use of the routes start-
ing with the route with the shortest round trip time. One
half of the number of trucks required to saturate a route
are assigned to that route from the trucks available for use
at the source, The remaining trucks are assigned to the
route from the trucks available for use at the sink., If

there is a shortage of trucks at one end of the network,
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the model attempts to assign additional trucks to the route
from the trucks available at the other end of the network,
The mcdel then assigns trucks to the next shortest feasible
route that has useable capacity. This procedure continues
until all of the operational trucks have been assigned to

a route or the road network has been used to maximum
capacity.

The maximum number of trucks which can be assigned
to a link is found by multiplying the capacity of the route
by the time required to complete a round trip using the
route, including the time required for loading and unload-
ing the vehicles. The route capacity is found by dividing
the lowest maximum speed that a truck can travel while on
the route by the minimum required distance between trucks.
We assumed that the red force transportation officer would
attempt to minimize his truck losses to interdiction air-
craft by requiring a minimum distance between all trucks
traveling in the same direction on the road network. Fur-
ther, we assumed this distance could not be changed during
the interdiction period.

Truck departures for each route are scheduled based
on the route capacities in terms of the number of trucks
per hour that can use each route. The truck scheduling
events are stored in the event file. We assumed that the
red force transportation officer has limited the use of the

road network to 12 hours per day (the hours of darkness) to
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reduce truck losses. However, the 12 hour per day opera-
tion can be changed by using a different value during data
input. Since truck travel on the network is limited to a

given number of hours per day, the last possible truck

departure for each route used is determined and placed in
the events file, This last possible departure time is
determined by subtracting the time required to travel from
the source to the sink (sink to source times are equivalent)
following each route from the number of hours that trucks
can use the road network.

5. Scheduling of aircraft flights to conduct truck
killing operations.

Four aircraft, and, if defense suppression capabil- A

ity is available, the required defense suppression aircraft |
are scheduled to patrol a link of the road network. Link |
selection is based on the expected number of trucks on
each 1link, This number is found by multiplying the link
capacity being used by the length of the link and dividing
the product by the maximum speed the trucks can travel
while on the link., After each link that is being used by
the red force has been targeted, the procedure is repeated
until the number of remaining aircraft is less than the
number of aircraft required to conduct a truck killing
patrol. Aircraft are scheduled to take off by mission
attack number with ten minute intervals between mission

takeoff times. The takeoff time for the first mission is
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scheduled so that the aircraft arrive over the link at
approximately the same time as the first truck, using the
longest route, arrives at the other end of the network.
This completes the scheduling and planning operations,
Truck departure events actually compose five sep-
arate operations. First, the next truck departure event
for the particular route is scheduled. Second, the model
checks to see if the estimated thruput, based on earlier
truck departures is equal to the daily order. When the
day's estimated thruput equals the day's supply order, all
subsequent truck departures from the source for the day
are halted., If the estimated thruput falls below the daily
order due to interdiction attacks, truck departures from
the source are resumed. If the thruput is not equal to
the daily order, the model proceeds to the third operation;
truck departure from the source., If the thruput is equal

to the daily order, the model proceeds to the fourth

operation; truck departure from the sink., Third, the model

checks to see if there is a truck at the source that is
ready for departure from the sourceg If a truck is ready,
a truck arrival event at the sink is scheduled. The time
of the truck arrival event is equal to the time it takes
the truck to travel to the sink plus one hour. The one
hour time interval is used to account for the time required
to unload the truck and prepare for the return trip.

Fourth, the model checks to see if there is a truck at the
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sink that is ready to depart for the source. If a truck

is ready, a truck arrival event at the source is scheduled
in the above manner. In this case, the one hour time
interval represents the time required to load the truck and
prepare for the return trip. Fifth, truck readiness is
determined by keeping track of how many trucks are ready to
depart the source and the sink by the route to which the
truck is assigned. When a truck departs from the source
or sink, it is subtracted from the number of ready trucks
assigned to that route at the proper end of the network.
When a truck completes loading or unloading and is ready
for a trip it is added to the number of ready trucks for
its assigned route at the proper end of the network.

Truck arrival events are composed of several pos-
sible operations. If the event signals the arrival of a
loaded truck at the sink two actions take place. First,
the quantity of supplies at the FEBA is increased by four
. tons, Second, the truck is placed in the ready group of
| trucks for that route at the sink. If the event signals
the arrival of an empty truck at the source, the truck is
added to the group of ready trucks for that route at the
source., If the event signals the arrival of a damaged
truck, the truck is added to the group of damaged trucks
at the appropriate end of the system, Damaged trucks

arrive eight hours after their originally scheduled time.
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When the last truck departure time-event occurs,
the model searches the time-event file for the next truck
departure event for the affected route, After locating
the event, it is cancelled. This stops the input of trucks
on the particular route and empties the road network of
trucks at the end of the twelve hour period.

Three types of aircraft attacks may occur during a
simulation. These are:

1. Defense suppression attacks;

2. Attacks against links;

3. Attacks against trucks.

Defense suppression attacks occur just before the link or
truck attack that is being supported occurs, The follow-
ing sequence of events occurs in every defense suppression
attack, The air defense weapons, assigned to the 1link
where the attack is taking place, fire at each of the
defense suppression aircraft., The results of these

attacks are determined using a random number generator.

If an aircraft is successfully attacked, a second random
number is drawn to determine the extent of damage that the
aircraft receives., The range of damage is 1, 2, or 3 day
repair or total destruction. All damaged aircraft are
immediately withdrawn from the attack and do not attack

the air defense weapons. The surviving defense suppression
aircraft attack the air defense complex using the multiple-

aircraft-single-pass bombing tactic. The combined

37




probability of kill for all of the remaining attacking
defense suppression aircraft is calculated. Again, the
attack results are determined using a random number gen-
erator. If the air defense complex is damaged, all air
defense weapons assigned to the link lose their firepower
for 30 minutes. After the 30 minute period has expired,
the unit becomes fully operational.

One additional procedure is applied to defense sup-
pression attacks that support truck killing patrols.

Since one link may be subjected to several truck killing
patrols during the day, the enemy air defense complex
defending the link may be knocked out when the patrol air-
craft arrive. Therefore, defense suppression attacks at
this time would not be required. To prevent unnecessary
attacks, the status of the enemy air defense complex is
checked during every flight along the link. Defense sup-
pression attacks are withheld until the enemy air defense
complex regains its capability to fire at blue force air-
crafrc,
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