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ABSTRACT

This thesis presents an Engineer Effects Module for the

Simulation of Tactical Alternative Responses (STAR) combat

model. The effects of engineer obstacles on the combat

process are important, and the STAR combat model previously

lacked the capability to model these effects. Implicit in

the construction of the model is the task of modelling the

obstacles followed by the simulation of the the synergistic

effects of the obstacles on the combat commander's actions.

The Engineer Effects module is executed in the SIMSCRIPT

11.5 programming language. This thesis serves as both the

implementation and running instructions for the Engineer

44

Effects module for the STAR model.
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The Simulation of Tactical Alternative Responses (StAR)

combat model, as it currently exists, does not model

Engineer obstacles ox counter-obstacle operations. It is

the purpose of the Engineer Effects Module to install this

capability in the STAR Combat model. This Engineer Effects

Nodule consists of the representation of four types of

obstacles and their effects on the battlefield processes.

The obstacles are the minefield, tank ditch, road crater,

and the destroyed bridge (short-wet gap). The minefield

actually consists of the modelling of five different types

of fields, the anti-tank patterned ninefield, the anti-tank

scatterable minefield, the anti-personnel blast minefield, -

the anti-personnel fragmentation minefield and the Claymore

Mine.

The obstacles are important in their own right, however,

the synergistic effects of the obstacles on the forces and

tactics being employed are the crucial effects to be

modelled. The Modelling of land combat and the ability to

capture synergistic effects on the battlefield are difficult

and complex tasks.



In order to model the effects of the Begineer obstacles

mentioned above, the counter-obstacle tactics for the combat

forces had to be developed and modelled. The tactics that

are modelled for the the obstacles are as follows:

1. For the minefield:

Conduct a hasty breach with plows.

Conduct a bypass.

Bull through the field.

2. For tank ditches and road craters:

Conduct a crossing of the gap with an Armored Vehicle
Launched Bridge

Conduct a lane filling operation using tanks equipped
with dozer blades.( ci
Conduct a self-breaching o eration by allowing eachvehtcle to enter the obstaae and create a breach bycaving the obstacle walls in.

Conduct a bypass of the obstacle, when no proper
Su t is resent and the risk of trying a seltMaet~ s too ireat.

3. For the short-wet gap

Conduct a hasty crossing using the Armored Vehicle
Launched Bridge (aILB).

Conduct a bypass of the gap if there is .o AVL.

The capability to breach obstacles necessitated the

introduction of a new *stes in STAR, the armored vehicle

launched bridge (AVLD), and the expansion of the capability

of existing systems through the representation of mine plows

and bull dozer blades.

16



In Chapter 2, the current capabilities and equipment of

the United States army are discussed. This information

forms the basis for the effects that are modelled for the

United States and VITO forces.

In Chapter 3, the capabilities and equipment of the

forces of the Soviet Union are described and discussed.

This chapter forms the basis for the tactics that are

modelled for the Warsaw Pact forces in STAR.

Chapter 4 consists of a review of some of the past

modelling efforts and ideas that exist in the Engineer

arena.

Chapter 5 consists of a detailed description of the

( mineficlds and their associated tactical responses

constructed for the STIR combat model.

Chapter 6 is the detailed description of the remaining

obstacles (tank ditch, road crater, and destroyed bridge)

and their synergistic effects.

Finally, Chapter 7 consists of some enhancements the

authors ae as possibilities for the model in the future.

Modeling is viewed by the authors as an iterative process

and this chapter may assist in the future development of the

model. in the appendices, variables are defined, changes to

C 17



existing STAR code are explained, and the computer code is

listed and described in detail. Complete running

instructions are also included.

It is the intention of the authors that this Engineer

effects module can be fully implemented by a serious user of

the STAR combat model using only this document and the

existing STIR documentation.

(
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II
II. UNITED STATES_TaCTICS D EQUIPMENT

History has shown that obstacles and barrier systems are

an effective casualty producing ingredient on the

battlefield. Host obstacles used were minefields or

obstacles reinforced with mines. The following table lists

allied tank losses to mines as a percentage of losses from

all enemy action (Ref. 1].

North Africa 1942-43 18
Western Europe 1944-45 23
Italy 1943-45 a
Pacili 19'-45
Korea 1910-55
Vietnam 1967-69 69

(Hore recently, obstacle use played a major role in the

Hid-East War of October 1973. On the plains of the Golan

Heights, the Israelis constructed an anti-tank ditch

approximately 15 kilometers long. The ditch was heavily

reinforced with minefields on both the enemy and the

friendly sides. The combination of the Israelis' decisive

use of the terrain/terrain reinforcement and mines with

covering fire allowed their grossly outnumbered force of 180

tanks, 11 batteries of Artillery, and supporting Engineers

to defeat an attacking Syrian force of 800 tanks, 115

(
19
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batteries of rtillery, and Engineers [Ref. 2). The above

historical evidence highlights the previous use of obstacles

on battlefields of the past. The evidence should spark an

interest in how their use will affect the battlefield of

today and tomorrow.

The STAR model, as it currently exists, does not model

any Engineer obstacles. STAR does however, possess the

inherent capability to do so using the field module with

some major modifications (Ref. 3]. This chapter will

briefly describe the the following items as a prelude to

attempting to model Engineer effects in STAR.

1. Four general obstacles:

the minefield

the road crater

the tank ditch

the destroyed bridge (short-yet gap)

2. The alternatives available to the tactical commander
ii order to overcome an obstacle in his path of

In this model, the actual employment of the Ingineers

and their equipment will not be discussed. If the reader

wishes to investigate this area more deeply, he should refer

to References , 5, and 6. It is acknowledged that the

1C 
20



combat Engineer is a viable member of the combined arms

team. Engineers increase the combat effectiveness of the

combat forces on the battlefield. However, in order to

model the synergistic effects of Engineer obstacles in STAR,

the existing model must form the basis of the iterative

process. After the obstacles and their effects are

modelled, then the Engineer units may be added to the battle

being played. In short, the first step in the process is to

install an Engineer Obstacle Effects Module in STAR.

A. OBSTACLES

an obstacle is any obstruction that stops, delays, or

restricts movement. Obstacles have been classified as

natural/existing or artificial/reinforing/manmade. The

primary purposes of obstacles are to enhance the

effectiveness of friendly fires, to delay and disrupt the

enemy formations, to divert the enemy, to allow the tactical

commander to use economy of force and to enable his to

protect his flanks. Because threat tactics are based on the

massive use of mechanized forces, one could say that the

principal purpose of battlefield obstacles is to overcome

the inherent nobility advantage of the enemy's tank forces

(lef. 71. For the purpose of this discussion, only the four

21



1major anti-armor obstacles previously mentioned will be

discussed.

1. %h-mnfil

Minefields are located where they will delay armor

and strengthen the defense, but they are not used with the

idea of blocking or destroying the enemy force. Nines

reinforce natural obstacles, scare the enemy, cause his

attention to be diverted from the defender, and influence

his maneuver. [Ref. 8] Por the purpose of model building,

the names of the various types of minefields are not

Important but the methods of installation are. There are

four basic techniques used in laying minefields: [Ref. 9]

a. Hasty Rinelaying

Hasty sinelaying is done near the forward edge

of the battlefield without Engineer support. nines are

emplaced so that friendly troops may detect and recover the

mines. Usually, they are laid on top of the ground in a

random fashion or in a specific pattern, i.e. a row.

b. Deliberate Hinelaying

Deliberate ainelaying normally follows a

pattern. Bach mine is buried and camouflaged. line clusters

and strips are plotted and marked. Boundaries are fenced

FA
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and marked. This type of minelaying is normally done by the

Engineers and is used when there is time to plan, organize,

and prepare the logistical support for the effort.

c. Special Hinelaying

Special minelaying is the mining of railroads,

routes, stream beds, and other unique point targets on the

battlefield. It is normal to improvise when laying mines

for these purposes.

d. Scatterable Rinelaying

mines can be delivered by artillery, aircraft,

missiles, ground dispensers, or thrown by hand. This method

allows the commander to have a rapid ainefield installation

(capability that is not manpower intensive.

The other three categories of obstacles can be

thought of as anti-vehicular obstacles. Anti-vehicular

obstacles should not be continuous across the front of a

position, but should have gaps which can be kept under

observation and covered by fire. Such gaps tend to

channelize the enemy's movement. These obstacles are

located to take advantage of natural concealment for a

surprise effect and are usually reinforced with mines. (Ref.

10]

23
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. 2. Ike h

The tank ditch is a linear obstacle emplaced

normally by mechanical digging machines. There are two

primary types of ditches, the triangular ditch and the

-ectangular ditch. The triangular ditch has a 1.5 to 1.8

meter vertical wall with berm and the rectangular ditch is

3.3 meters wide, 1.5 to 1.8 meters deep and also has a berm.

The vertical wall or depth varies because of different soil

types. The triangular ditch does not present an obstacle to

the friendly or counter-attacking force. [Ref. 2] The

rectangular ditch presents an obstacle to both the attacking

force and the friendly force.

3. The Road Crater

Crater type obstacles are used for blocking roads,

trails, or defiles. The location of the crater is chosen

such that no bypass exists or if one exists, the bypass,

route can either be mined, covered by friendly fire or both.

Craters are formed by explosive charges installed and

prepared in advance for later detonation. (Ref. 10] Road

Craters, in order to be effective obstacles, must be too

wide to be spanned by the natural bridging capability of

tracked vehicles. In addition, they must be deep and steep-

( 2*i
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sided to prevent vehicles from passing through them. Road

I craters created by blast will not stop modern tanks

indefinitely, but are effective obstacles if the tank

requires three or more passes in order to cross the crater.

Three passes provides sufficient time for the anti-tank

weapon to destroy a tank by fire. [Ref. 11]

Generally, bridges are destroyed to create obstacles

which delay the enemy. However, bridges seldom require

complete destruction. The method used for demolition should

normally permit the economical reconstruction of the bridge

by friendly troops in future operations [Ref. 11].

Now that the four basic obstacles have been

described, one may ask the question, What makes an obstacle

effective? An effective obstacle is one which slows and

delays the enemy and is covered by fire. This is to counter

enemy efforts to breach and/or destroy the enemy while

entrapped by the obstacle. Obstacles should be employed in

such a way as to surprise the enemy and take advantage of

his confusion. Finally, they should be of no advantage to

the enemy, any cover and concealment provided by the

obstacle should ba mined or booby-trapped. [nef. 8)

25
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B. TACTICAL RESPONSES TO OBSTACLES

The enemy force has the same capabilities and

opportunities to emplace obstacles as the friendly force.

Therefore, it is important to discuss the friendly tactical

commander's possible actions upon encountering an obstacle

on the battlefield. The friendly commander must keep one

principle in mind when an obstac1.e is encountered, maintain

the momentum of the offense. Obstacles must not impede the

aovement for unusually long periods of time. The commander

has three alternatives when faced with an obstacle; he may

bypass, "force through" or breach the obstacle. [Ref. 7]

1. The BYipass

To conserve time and manpower, obstacles are

bypassed whenever possible. However, if the enemy has

employed these obstacles cleverly, they will be difficult to

bypass (Ref. 7] . The defender has probably covered all

bypass routes by fire. The unit should conduct the bypass

with attention to cover, concealment, and suppression. [Ref.

12]

2. hJBach

If bypassing is not possible, then another choice

for the commander is to attempt a breach. A breach is

( .
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conducted when the unit possesses the proper equipment to

breach. Two methods of breaching say be employed, the

assault breach or the deliberate breach. (Ref. 7]

a. The assault/hasty breach is done quickly during

either hasty or deliberate attacks. This is a tactical

breach. The assault troops are under enemy direct or

indirect fire. The main objective is speed in gaining the

breach. Delays while breaching, are more costly in terms of

causing casualties than the mines.

b. The deliberate breach is conducted when enemy

fires covering the field have been neutralized and safety is

more important than time. The performance of a deliberate

breach is an Engineer responsibility. Because Engineer

units are not currently modelled in STAR* this tactic will

not be discussed as an alternative for the tactical

commander.

3. The Force Through

The "force/bull through" is attempted when no other

way to overcome the obstacle is possible. The unit does not

possess any breaching equipment and will just drive their

vehicles through the minefield hoping to got through and

perhaps clear a path. Heavy losses are expected when this

tactic is employed. (Ref. 12]

27
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The breach options demand further explanation. The

tactical commander should breach obstacles by applying these

fundamentals: (Ref. 7]

1. Suppress enemy weapons using available fire.

2. Use smoke to obscure enemy observation.

3. Secure the far side of the obstacle.

4. Reduce the obstacle.

The fourth fundamental is of specific interest in

order to model obstacles in STAR. How does the tactical

commander reduce obstacles, or to be more specific, how does

he combat the obstacles discussed in Section A of this

chapter?

a. Neutralizing and Breaching linefields

The use of mechanical or explosive breaching

devices is preferred over manual methods unless a special

need exists. (Ref. 7] Explosive devices require Engineer

support and for this reason are not discussed. The tactical

commander therefore has only a tank mounted dozer blade (one

per tank company) that can breach small point minefields or

the Europe-deployed tank mounted ine roller for larger

minefields Clef. 63.
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Ib. Tank Ditches/Craters

A tank dozer can be used to push down the sides

of ditches or to fill craters in. If the gap created is 57

feet or less then the AVLB can be used. [Ref. 12] It should

be noted that tank ditches and road craters are usually

reinforced with mines and may require additional breaching

equipment.

c. Crossing Short-Vet Gaps

Short gaps created by streams, small rivers, or

valleys can be crossed using the existing civilian fixed

bridge structures. owever, if the enemy has destroyed

these, or there were none in existence, then the tactical

commander must resort to his organic assets. normally, the

AVLBs are utilized to cross gaps of less than 57 feet (17.4

asters) with vehicles of up to 60 tons in weight [Rf. 6].

This concludes the discussion of obstacles and

tactical responses available to a commander of U.S. forces.

The tactics and capabilities described in this chapter form

the basis for modelling Engineer effects on Blue forces

currently in the STAR model. The next chapter will discuss

the capabilities and tactical alternatives of the Soviet

Army.

(2
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III. 2!IETA ICSA"LrJgzIz

A. INTRODUCTION

This chapter is a consolidation of information on the

Soviet forces and their capabilities in the areas of

counter-obstacle operations and equipment. All the

information presented here is unclassified and available in

open literature. It is a widely accepted fact that Soviet

military operations and tactics are directed towards the

offensive. It is for this reason, that Soviet defensive

operations will not be discussed. The primary mission of

(the Soviet Engineer is to enhance the mobility of the Soviet

ground combat forces by countering obstacles to movement, be

they natural or anade. To construct an Engineer Effects

Nodule for the Simulation of Tactical Alternative Responses

(STAR) combat model one most determine the tactics for the

Red forces. The research for this chapter provided the bulk

of the tactical and equipment information required for the

implementation of an engineer effects module for STAR.

The Soviet Onion is preparing itself for a massive Air-

Land battle with the forces of NATO. It has long been
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hypothesized that the Warsaw Pact, led by the forces of the

Soviet Union, vill eventually attack vest across the borders

of Czechoslovakia and the German Democratic Republic into

Western Europe. In order to be successful in their attack,

the Warsaw Pact forces will rely on massive combined arms

forces attacking on several avenues of advance with great

speed. The VATO forces, on the other hand, will be

defending with smaller forces. It is for this reason that

the NATO forces will rely heavily on terrain reinforcement

to slow the advancing Pact forces. These reinforcements

will include minefields, tank ditches, road craters, blown

bridges and other engineer obstacles. The Soviet Union is

aware of this and consequently has amassed a rather

impressive array of counter-obstacle forces and equipment.

Further, in the Great Patriotic War the Soviet Union used

many minefields and obstacles as terrain reinforcements

against the advancing forces of Nazi Germany. Clef. 13] In

that war, the Soviet Union gave Nazi Germany a lesson on the

effects of obstacles on the movement of ground combat

forces. That lesson has not been forgotten by the teacher.

lost of the high Soviet leadership of today fought in that

war and thus, remembers the experience. The Soviet Union

31



not only is preparing to attack through the NATO defenses,

j but believes that it can be done successfully.

The Soviets developed into first-rate users of nine and

obstacle warfare during the Great Patriotic War. It has

been said that the battle of Kursk is the finest example of

mine warfare in history. In that battle, some 3 million

sines were laid to stop the Germans. In order to avert a

transportation problem caused by the heavy mine usage, every

time a soldier was sent to the front, he was required to

take two sines with him. (Ref. 13, 14] The lessons learned

as great users of obstacles have helped the Soviet Union to

develop an arsenal of counter-obstacle equipment

(unparalleled in the world today.

It is interesting to note that the Soviet Union and the

Warsaw Pact claim to be defensive forces, yet possess an

offensive capability that is in a word, awesome. The NATO

forces, though claimed to be the potential aggressors,

possess a counter-obstacle capability that pales in

comparison to that of the Warsaw Pact. As an example, the

total mine roller capability of the US Army in Europe

consists of 10 rollers that were scheduled for delivery to

USAilUi in late 1961 (lef 15]. The Soviet forces possess 9
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rollers in just one Engineer Company supporting a hasty

C inefield breach of the forward combat elements [Ref. 13].

B. SOVIET FORCES AND EQUIPHENT

The Soviet Union possesses an impressive array of

counter-obstacle equipment and forces in order to enhance

the mobility of the Soviet combat arms. This description

will focus on two primary areas:

1. The organic counter-obstacle elements in the ground
combat arms.

2. The Engineer units organic to the larger units.

Perhaps the most obvious and least mentioned item is the

design characteristics of the Soviet armored vehicles. Host

of these vehicles are amphibiouL so that many water

obs-' &cles may be overcome easily with no additional bridging

support. Although bridging equipment may be desirable. in

many cases it is faster to just drive up to the river bank,

enter the water, and cross. Bost of the tanks in the Soviet

army have an inherent snorkeling capability that allows the

to cross water obstacles as deep as 5.5 meters at speeds of

2 km/hr (Ref. 15]. Table 1 is a consolidated list of the

amphibious capability of some Soviet vehicles.

3
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Table 1: Soviet Aray Amphibious Vehicle Capabilities

Vehicle/system Water speed Additional attributes

BTR 50/60 10 ka/hr
BEP 6 ka/hr can fire 73 mm main

1 u a;d Sagger while

PT 76 10 ka/hr can fire 76a main
gun while swiamizg

BRDE 10 k/hr

122mm SP HON approx 10 ka/hr

SA-8/S-9 approx 10 km/hr

[Ref. 16,17]

The above organic counter-obstacle capability is further

supplemented by bridging assets at the Regimental level.

These bridges can be used to cross water obstacles with no

bridges left intact and ay also be used to counter tank

ditches and road craters. The following is a consolidation

of the assets organic to the Motorized Rifle Regiment (lA)

and the Tank Regiment (T).

Table 2: Organic Breaching Equipment of a Soviet Regiment

Vehicle/system Basis of issue Capability

ETU-20 (tank std bridge) 3 per legt 12.3 to 20 meters

TEE (truck launched br) 4 per Regt 10.5 meters ea or
1 42 meters long

BTU Dozer Blades 3 per Regt 100-300 meters per hr
by 3.4 eters wide

(Ref. 16,17,18]
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In addition to these capabilities at the Regimental

level, other assets exist in the Divisional Engineer

Battalion to aid in counter-obstacle operations. They

include the following:

Table 3: Organic Breaching Equipment of a Soviet Division

Vehicle/system Basis of issue Capability
BTU Dozer Blades 3 per div bn 100-300 meters per hr

by 3.4 meters wide

STO-20 4 per div bn 12.3 to 20 meters

TSR 8 per div bn 10.5 meters ea or
combined together.

PTS(tracked amphibian) 14 per carries 15000 k9 of
div bn cargo at 15 ks/hr

GSP(Ferry) 8 per div bn BRD 4 50 metric ton ferries
12 per div bn TD 6 50 metric ton ferries

PISP(pontoon bridge)18 per div bn 119 meters of 60 ton
capacity bridge

CRef. 16,17,18]

The Front and Army levels each have additional

quantities of primarily the same equipment already

mentioned. Table 4 lists the additional quantities at the

Front or Army levels.

The man-made obstacles that will undoubtedly pose the

greatest problems for the Soviet Commander are minefields.

at the unit level, the mine-plow will be the primary asset,

*1 and it will be available in great numbers. The estimates

vary, however it appears that the minimum number will be one
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Table 4: Organic Breaching Equipment of a Soviet Front/Army

Vehicle/system Guantiity Capability
BTU Dozer Blades 9 100-300 motors per hr

by 3.4 meters wide
BTU-20 24 12.3-20 meters

THN 48 10.5 meter ea
PoP 108 681 meters of 60 ton

capacity bridge
PTS 98 15000 kg ea cargo

GSP 48 up to 110 tons
at 7-8 ka/hr

[Ref. 16,17,18]

plow per platoon, i.e. at least one tank in three will be

equipped with a mine plow. However, normally each forward

platoon has two tanks fitted with mine plows. (Ref. 19]

Every T-72 has the capability to mount a mine plow. [Ref.

f161 The following is a table of the mine clearing equipment

mounted on tanks:

Table 5: Tank-mounted Nine Clearing Equipment

System Basis of issue Capability
KIT4/6 Plow 3 per tank Co 10 k/hr 35 ca deep
PT54-8 Roller 3 per Regt and 10 km/hr

3 per Eng Bn
KIT-5 Plow/Roller 4 per Regt both of the above

Combination
(Ref. 16,17,18]

Along with the mine clearing equipment listed above the

Soviet Union possesses many other items in the inventory to
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deal with mines. Some of the items include, hand-held mine

detectors, bangalore torpedoes, explosive line charges, and

rocket propelled line charges. It is rather apparent that

the Soviet Union takes the necessity for counter-obstacle

capability very seriously. It is with this myriad of

equipment, employed in effective combined aras operations

that the Soviets plan to breach the NATO defenses in Western

Europe.

C. EHPLOYSENT OF SOVIET FORCES

"The offensive is the basic form of combat action.
Only by a resolute offqnsive conducted at a high temo
and to a gre:_ depth is the total destruction of the
enemy attaine o-

General V.G. Reznichenko "Tactics"
[Ref. 17: p. 3-1]

In the previous section, the vast quantities of Soviet

counter-obstacle equipment were discussed. A discussion of

the tactics that the Soviets are expected to utilize in

order to accomplish their desired goals is contained herein.

A key aspect in the employment of the Soviet forces is to

capitalize on the high speeds of advance made possible with

mechanized forces. The mission of the Combined Arms Army or

Tank Army is to drive swiftly and deeply to the NATO Corps

rear boundary. (Ref. 17] If there is one dictum of the

Soviet Forces it is to maintain the speed of the advance.
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Current military readings indicate that the Soviet commander

desiras 'a maintain a speed of advance of 50 to 80

kilometers per day under nuclear conditions and 40 to 50

kilometers per day under non-nuclear conditions. In order

to be able to maintain these speeds, it will be necessary to

reduce the effects of obstacles so that they do not hinder

the advance of the Soviet forces. The Soviet commanders

will be able to do this with their forces because of two

primary reasons:

1. Large engineer units are located well forward with
the combat arms.

2. many simple engineer tasks will be handled by the
ground gaining combat arms.

The Soviet forces will probably attack on high speed

avenues of approach with one motorized Rifle Regiment (ERR)

in the lead followed by two additional regiments in the

following echelon. The forces will attack with a high rate

of advance and will usually pass pockets of resistance in

order to maintain the high rate of advance.

The Soviet commander feels that in order to maintain a

successful offensive operation, a numerical advantage of 3

to I is necessary. a Front will generally be utilized for

the strategic offensive. This war-time only structure
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usually consists of three or four Combined Arms Armies and

one or two Tank Armies. The Front will attack with a

structure similar to the following:

First Echelon Three Combined Arms Armies (CAA)

Second Echelon One CAA or One Tank Army

Front Reserve One Tank or Motorized Rifle Division

The objectives of the Front are of three types,

Immediate, Long Range, and Final. The definition of these

are as follows:

Immediate 250-280 km 3-5 days

Long Range 500-560 km 7-13 days

Final 1000 km 15-21 days

With the strategic view as discussed above, the

discussion will now switch to the smaller unit levels for a

look at the tactics. It is important to keep in mind the

Soviet desire to maintain the speed of the attack. In light

of this, as mentioned earlier, normally each forward platoon

will have two tanks fitted with mine plows. This allows the

platoon to make two parallel breaches simultaneously. (Ref.

191 As the lead reconnaissance elements move towards the

5ATO defenses, the elements will find the ainefields either

by detonating mines, visually, or with vehicle mounted mine

(
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detectors. Depending on the situation, the elements may mark

4 the minefields or they may clear lanes with the organic

mine-plows and rollers. Engineer personnel may affix hose

charges to the mine-plow vehicles to pull through the

minefields. When the hose charge is detonated, the area

between the cleared tracks from the plow or roller is also

cleared of mines.

If the reconnaissance elements do not locate the

minefields, then the follow-on units may. They will

probably locate them by detonating a mine. At this point

the commander has basically three courses of action. They

are:

1. Divert off the desired axis of advance around the
minefield.

2. Conduct a hasty breach with organic plows.

3. "Bull through" with whatever assets are available.

When the Soviet commander has Engineer units with him,

then the most probable option will be to "storm" the

inefield with the engineers in the lead. This operation is

a combined arms operation with tanks providing direct fire,

artillery providing indirect fire and smoke, and the organic

plows clearing lanes under engineer supervisio,. The

standard method is to use explosives to augment the
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breaching operation. (Ref. 13,14] Ideally, for a leading

battalion on the main axis of the assault some 6-8 lanes may

be ordered, one for each platoon (Ref. 17,18].

Other obstacles to Soviet movement, such as rivers or

blown bridges, can be overcome by utilizing the the vast

array of Soviet bridging equipment. Tank ditches or road

craters can be countered by the bulldozer blade equipped

tank.

This brief description of the Soviet counter-obstacle

tactics and capabilities is as they exist today. The

description is by no means complete, as that would fill

several volumes. There exist many sources for information

in this area. There is some problem though, in that many of

the sources do not agree exa;ctly with each other. The one

area that seems to have universal agreement though, is that

the capability of the Soviet forces is awesome. Perhaps

this is due to the fact that the Soviet leaders recognize

the necessity to continuously upgrade their forces and

equipment.

The research for this chapter provides the basis for the

concepts that are modelled for the Soviet forces in the STIR

Engineer Effects Module.

(
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The next chapter will discuss and describe some of the

D engineer effects modelling efforts that presently exist in

the combat modelling community. These models have provided

some useful ideas in the effort to provide an Engineer

effects module for STIR.
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IV. gZQjZjLjI G jDfAaS

This chapter will briefly discuss the relevant areas of

three models currently in existence. The information

available to the authors lacks computer code and is very

general in nature. The purpose of this chapter is to

highlight some existing modelling ideas that were of some

use in the construction of the STAR Engineer Effects Nodule.

The framework for this discussion is not to explain each

model in detail, but to highlight each in the following

areas:

1. Obstacle representation

2; Actions at obstacles

3. Actions out of obstacles

A. COUEITERCON

The first model examined was COUJT2RCON, a combat

simulation, developed by BDE Corporation, for evaluating the

worth of military equipment and tactics in Company and

Battalion level Armor/Hechanized Infantry warfare. [Ref. 20]

1. Obstacle Reorsentation ICOIJTERCON)

COUTUCOn models the minefield in a patterned

representation. The inefield has several rows in a
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minefield segment and each row is separated by an "inter-row

spacing". Each row is a series of points (mines) separated

by a fixed intermine spacing.

2. Action at Mijfields tCOUTECO.QI

COUNTERCON models nine rollers as a breaching device

with an effectiveness parameter attached to count mine hits

on the roller. The documentation pertaining to mine rollers

does not explain the rollers representation or how its

effects are modelled in the minefield. One other item of

interest though, is how COUNTERCON offsets following

vehicles around dead tanks in the minefield. This is a

desirable action to be modelled, however, the vehicles are

allowed to pass too close to each other and thus, the tracks

of the passing vehicles would actually touch the vehicle

being passed.

3. Itions Out of ObStagles IcOUTZERCOAI

COUNTERCOR models the SLUFMB (Surface Launched Unit

Fuel-Air Explosive) nine clearing system as well as mine

clearing line charges. These systems are Engineer unit

employed and are beyond the scope of this dicussion. Future

efforts to install the actual Engineer units and equipment

in STAR may find this pertinent to that effort. The bypass
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tactic is not modelled in COUITZRCON. in this model,

Engineer units are not modelled, however, certain Engineer

equipment is. Indirect fire is played against the defender

but not against the attacker. The deliberate breach does

not suffer the effect of indirect fire.

B. ArINIERLD IND BABRhZS CONSAT SINULATION

The second model examined was the Minefield and Barriers

Combat Simulation, developed by a British firm, SCICON.

[Ref. 21]

1. gMsIacle Renresentation ISCICON)

SCICOM uses a row minefield similar to that

previously mentioned for COUNTERCOB. The start point for

the mines is also onte Carlo'ed in this model. SCICON

represents a scatterable ainefield by assuming a totally

random representation. The distance to a mine detonation

for a vehicle is determined by locating the mines in the

vehicles path. The mean number of mines which fell within

the vehicle's lane is found by using the density of the

mines and the area of the path. This number may be used or

the actual number of mines could be sampled from a binomial

distribution. These mines are then placed randomly in the

path of the vehicle. it is felt by the authors that the
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average distance to a mine detonation could be determined

from the reciprocal of the product of the ainefield density

and the vehicles width. This expected distance could serve

as the mean of an exponential distribution draw. This would

yield more realistic results and allow the model to benefit

from the memoryless property of this distribution.

2. Ictions at ObstaclesSCIC. mI

SCICOI is reputed to play plows, rollers, and

plow/roller combinations, however, from the information

available it is difficult to ascertain their representation

and their use within the minefields.

3. on Obstacles ISCICOIL

This model play simulates both the breach and the

"bull through" options through obstacles. It is difficult

to discuss how this is accomplished due to a lack of

computer code. In the documentation, however, the divert

tactic and how it is modelled is discussed at great length.

a route to circuavent an obstacle is planned in advance of

the simulation. This route is called a branch route streas.

The branch route stream option is triggered at a barrier

decision point. A barrier decision point is a point on the

route, a route node, that is located, such that, it precedes
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a known barrier. At this decision point, units stop to

determine which actions to take in order to negotiate the

obstacle. This is a kind of pseudo-dynamic movement,

planned for on input, but implemented by tactical outcomes.

This is a useful concept and its implementation in STAR

would pave the way for dynamic route selection.

C. CASTFOREN

The final model to be discussed is CASTFORIN (Combined

Arms and Support Task Force Evaluation Model), developed by

the U.S. Army Tradoc Systems Analysis Activity. [Ref. 22]

This is a stochastic, event sequenced, opposing force

simulation of ground combat. This model has an Engineer

process module that plays both organic and non-organic

engineering capability and virtually any engineering task

for which the user has the performance data. This model

will be discussed in a different format than the previous

models. This is due to the fact that this model is still

under construction and the information available is in

outline form. CASTFOREM is projected to be able to model

Enqineer tasks explicitly.
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1. Athodoloo

* Task feasibility checked

Personnel availibility

Equipment availability

Locational resources availability

* Task time simulation

* Task assessment is performed

Resource integration

Resource disintegration

2. Tasks Modelled

eplace minefield

Emplace road crater

Eplace /VLB

Breach minefield/road crater

Construct protected positions

It appears on examination that this model will be

quite data intensive in that it will demand detailed

decision logic tables and performance data. It's general

framework is complicated, yet it does not currently possess

the capability to model tank ditches or bridge demolitions.

so doubt this will be a capability in the future.
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D. CONCLUSIONS

In order to avoid reinventing the wheel, the current

state of the art in the community has been examined and

briefly described herein. This preliminary research has

provided several useful ideas and given the authors a

perspective on the current state of the modelling of

Engineer effects. The next chapter consists of the detailed

description of the minefield, obstacle model and its

associated counter-obstacle tactical responses.
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V. TLLZINEI _5ODJ.L

A. INTRODUCTION

This chapter discusses the simulation of the effects of

a ainefield in the STAR Combat model. Implicit in this task

is the construction of the minefield and the modelling of

its effects on the combat process. This model allows

minefields to be emplaced, cause casualties, impede the

attacker, and cause the attacker to execute predetermined

tactical options.

B. NINE IELDS BODELLED

In order to model the effects of a minefield on the

tactical situation on a battlefield it is first necessary to

construct the model of the inefield. However, prior to the

discussion of how the minefields are modelled, a brief

discussion of what is used to model the minefields, the STAR

field module, is in order.

The framework for obstacle simulation in STAR is the

field module. Pields are represented as elliptical areas on

the battlefield which influence battle actions and outcomes.

In order to cause actions for entities to take place, their

5o



relation with respect to fields mast be known. Rather than

* have actions take place at a specific point in time, actions

are triggered by certain interactions of entities with

fields. These interactions are results of either field

boundary crossings, entries and exits, or field internal

actions. The manner in which a boundary crossing or an

internal action is activated takes place in the STAR NOTE

routine. In the MOVE routine, each time an entity moves,

the field boundary distance (FLD.BDY.DIST), to the nearest

field is decremented. When this valae reaches zero, then a

field boundary action takes place. Similarly, when an

entity is already in a field, a field internal distance

(FLD.INT.DIST), the distance to the next field internal

action, is also decremented. When the FLD.INT.DIST of an

entity reaches zero, an internal action is initiated. Both

these distances are attributes of moving entities on the

STAR battlefield. Obstacle representation and the

simulation of the resulting synergistic effects became a

reality through the use of the existing STIR Field Module.

For a more detailed description of this Module and its

function in the STAR model the reader is referred to

Reference 3.

(
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* The first section of this chapter contains information

pertaining to the actual modelling of a minefield in STAR.

In this model, five types of minefields are simulated, they

include, the anti-vehicular sinefield both patterned and

scatterable, the anti-personnel minefield both fragmentation

and blast, and the Claymore.

1. ne Ai-Veh

The patterned anti-vehicular minefield consists of a

series of belts with mines located on the belts. These

belts may be considered as lines with the mines reprasented

as points on the lines. In this respect, the mines are

consi4ared to be dimensionless. The belts are numbered

sequentially as they are encountered. The odd numbered

belts have mines located at even numbered mine locations,

i.e. at 2,,6,... meters. The even numbered belts have

mines located at odd numbered locations, i.e. at 1,3,5,...

meters. Thus, each belt has a constant density of .5 mines

per meter of minefield frontage. The standard planning

packages for U.S. patterned minefield densities are

multiples of this constant density. [Ref. 7] In addition,

the use of .5 also mikes the simulation of the mine's

location with respect to the vehicle much easier to

(
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accomplish. Each belt simulates three rows of a minefield.

4In an actual minefield, three separate rows placed in a span

of approximately 16 meters forms one belt. In order to

simplify the process cf modelling this activity, one belt of

this model actually represents the projections of the three

rows onto one single line.

This basic belt construct is used in conjunction

with the existing STAR field module, to model the patterned

minefield. [Ref. 3] The basic idea is that the mine belts

will be superimposed on the field ellipse. The density of

mines (per meter of front) of the ainefield is used to

determine how many belts are necessary. Once the number of

belts is determined, then the size of the field ellipse

needed can be determined. The size of the ellipse is

computed in the following manner:

The semi-major axis equals the total width of the
minefield divided by 2.

The semi-minor axis is determined by the formula: number
of belts plus I multiplied by the belt spread in meters
minus 10 meters.

This total is then divided by 2.

The resulting value is the length of the semi-minor axis of

the ellipse. In symbols:

semi-minor axis = (((nun belts *1)*(belt spread))-10)/2

(
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The follow.ng sketch of an elliptical minefield with tha
4

mine belts superimposed should help to clarify the

construction.

Iigure I: Rnefield Representation

With the previous formula in mind, an example will

be worked. I minefield with a density of 1.5 mines per

meter of front, a belt spread of 50 meters, and 500 meters

wide is desired. Using the formulas above the semi-major

axis will first be computed.

1. The semi-major axis of the ellipse is the width of
the minefield divided by two, thus, in this case it is
500/2 or 250 metors.

2. The formula for the computation of the semi-minor
azis length yields the following:

a. number of belts required equals the density
deS4d y lhedeo4tiu alack belt.
Fort his mnoleze :t is i./.5 ,

b. ((number of belts+I) *bel tcreld-l0/2=
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Thus, for this minefield the semi-minor axis is 95 meters

and the semi-majir axis is 250 meters.

Finally, in modelling the patterned minefield two

assumptions are made:

The minefield is homogeneous in nature.

The sines may be played in the model in various states
of askin, these states range from buried and visually
undetectafle to being laced on the ground and
therefore, subject to avoidance.

The anti-vehicular scatterable minefield is

represented as a uniform distribution of mines throughout

the area an elliptical field. The basic concept of the

simulation of a scatterable inefield is that an expected

distance to mine encounter is determined. The technique for

determining the distance to a ine encounter will be

described in detail in the following section. In order to

emplace a inefield the following steps are involved:

a. Select the desired minefield size by specifying the
semi-major and semi-minor axis lengths.

b. The minefield density is computed by dividinq the
nitter of sines in the minefield by the area of the0 1pso.

In symbols: inefield Density number of ines

area of ellipse

c. The expected distance to a mine encounter is equal
to e reciprocal of the width of the vehicle times
the density of the minefield.

In symbols:
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Expected distance to encounter

1.0/vehicle widtheminefield density

The expected distance to a mine encounter is then used as

the mean value for a sampling from an exponential

distribution. The value that is drawn is the distance to a

mine encounter for the particular vehicle concerned.

Repeated draws in this manner yield the distances to each

successive ine encounter and the vehicle moves through the

minefield in this fashion. This minefield is also assumed

to be homogeneous in nature.

3. The &nti-yerunnel Blast Ninefie

The anti-personnel blast minefield is represented in

a manner that is similar to the methodology utilized for the

anti-vehicular scatterable minefield. The mines are assumed

to be uniformly distributed throughout the area of the

elliptical field. The minefield density is computed in the

same manner as the scatterable minefield discussed above.

The expected distance to a mine encounter for a dismounted

infantry entity is then determined by utilizing the Army

Small Arms Requirements Study (ASARS) formula. A random

number draw from a Uniform (0,I) distribution is made and

the draw is then substituted in the following formula:

Distance to a nine encounter
* -(2.5)*ln(1-Drav)/minefield density*foot width [Ref. 23]
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5 If the entity is a vehicle, then the distance to a mine

encounter is computed by drawing from an exponential

distribution with a mean equal to the expected distance for

a vehicle nine encounter. This expected distance is equal

to three divided by the product of the minefield density and

the width of the vehicle. An assumption is made that the

tracks/wheels of a vehicle constitute one third of the

vehicle width.

Expected distance for vehicle mine encounter
= 3.0/minefield density*width of the vehicle

Thus, the entity moves through the field by distances from

mine encounter to mine encounter.

4. The Anti-0esgLej_= naq tation Sinefield

There are two types of anti-personnel minefields

considered in this model. The types are the regular

fragmentation mine and the Claymore.

a. Regular Fragmentation mines

The regular anti-personnel fragmentation mine is

represented as a circle with a square superimposed on it.

The tripwires of the mine are represented as extensions of

the diagonals of the superimposed square. (See Figure 2)

The mines are placed in an orientation that favors the

attacker. This is accomplished by orienting the mine so
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?igure 2: Representation of fragmentation mine

that the attacker wi l always hit the tripvire at a 45

degree angle. The actual length of the tripwire exposed to

the attacker is the product of the cosine of 45 degrees and

the length of the tripwire. The reason for this

conservativo action is to allow for cases in real life when

the tripuire does net deploy as is intended by design.

Thus, the total tripwvie length that is exposed to the

attacker is really the projections of the effective lengths

of each tripwir4 onto a line perpidicular to the direction

of movement of the attacker. The length of the tripwires

availabloe to detonate the mine (effective triggering vidth)

is equal to two times the effective length of the tripire.

(See Figure 3) The minefield density is found in exactly the

same manner as for the scatterable minefield.

(
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Figure 3: Effective Tripvire Length

The expected distance to a mine encounter is computed by

using the reciprocal of the product of the inefield density

and the effective trigger width of one mine. This expected

distance is then need as the mean for a sampling from an

exponential distribution in order to determine the actual

distance to the nine encounter. Vehicles are assumed tc not

be subject to the effects of a fragmentation sine, and thus,

need not have expected distances computed; They are allowed

to move freely through the sinefield with no effects from

the mines. Vehicles do, however set the ines off and thns,

decrease the density of the mninefield. In this iteration of

the module. dismounted infantryman in the area of anti-

personnel fragmentation mines detonated by vehicles, are not

subject to assessment as casualties from the detonations.

The dismounted i.nfant uen are however, subject to the
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( effects of mines detonated by dismounted elements in their

respective platoons.

b. Claymore Fragmentation dines

The effective casualty area of a Claymore mine

is a 60 degree arc with a radius of approximately 100

meters. The activation area of a Claymore is represented by

an ellipse with a semi-ainor axis of 14 meters and a semi-

major axis of 21 metors.

ON D/ECrTOAt OF

Figure 11: Claymore nine Representation

The semi-major axis is oriented parallel to the direction

the attacker is moving. Once the ellipse is entered, the

distance to the mins encounter is determined to be twenty

percent of the length of the semi-major axis. (See Figure 4)

C
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When the entity has travelled that distance, the Claymore

detonates and casualties are assessed based on the effective

casualty area for a Claymore mine. Any member of the

triggering entity's platoon within the effective casualty

area of the Claymore at the time of detonation may be

assessed as a casualty from the blast.

This concludes the general discussion of the

representation of minefields in STAR. The discussion now

centers on the subject of what the physical representation

yields in the STAR model.

C. TBE INEFPIELD I STAR

The model of a minefield must produce two pieces of

information, the distance an entity travels prior to a mine

encounter aL the consequences of that mine encounter. In

order to understand how this information is obtained, the

following discussion explains the function of the minefield

in STAR. In the BOVE routine, the model is continuously

computing the distances to fields, so that appropriate

actions may take place. These actions nay take any of three

forms, field entries, field internal actions, and field

exits. During the discussion of the three types of actions,

several key routines are also described. A thorough
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5 understanding of these key routines is a necessity if one is

to understand this simulation of Engineer effects on the

combat process.

1. Uinefield Entry Ictla l

In the model, as an entity crosses a field boundary

a test is made to determine the type of field being entered.

Once the field is determined to be a minefield, then the

distance to a mine encounter is computed. This computation

takes place in the routine named HINE.SCBZDUL.. (See Figure

5)

a. Routine HINE.SCHIDULB

In HISE.SCHEDULE the distance to a mine

encounter will be determined. First, the the major category

of the minefield is determined.

(1) Anti-vehicular sintfiids. The second

action is a determination of the system type of the entity

that crossed the boundary. If the entity is a dismounted

infantryman, then the minefield has no effect on the entity

and he is allowed to proceed through the minfield. This is

due to the assumption that a dismounted infantryman is not

able to activate anti-vehicular mines. If the entity is a

vehicle, then the sine type is checked. The ine type
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dictates whether the minefield is scatterable or patterned.

Once the type minefield is determined, then the distance to

a mine encounter is computed.

If the type of minefield is scatterable, the

computation of the distance to a nine encounter takes place

as follows:

1. The minefield density is determined by dividing the
tgtah nmber of mines in the field by the area of

2. The width of the appropriate vehicle is obtained
from the vehicle dimension tables.

3. The expected distance to a mine encounter is equal
to 1.O/(width of vehicle*maiefield density).

4. The actual distance to the mine encounter is
diterlineO by sampling from an exponential
distribution with mean equal to the expected
distance computed above.

If the minefield is a patterned or hand-emplaced

minefield the distance to the mine encounter is determined

as follows:

1. The direction of movement is determined for signi.e. is it positive or negative. If the direction
negative then it Is colverted to the appropriate

!n 1e on a 360 decree reflielce system. For example,-9 degres in egflal to 27 eg e s.

2. Once the direction of sovement is converted, it is
then trqnslat d to the coorditate syqtem relative to
the orien taton of the m ng iel. The angle
necessary for the translation is called THETA, and
will be used in further computations

3. The distance to the einebelt encounter is equal to
the belt spread divided by the absolute value of the
sine of TaETA.

( 6
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(2) Anti-ersonal mi efieJ4. If the minefield

type is determined to be anti-personnel, then the following

actions take place:

a. The minefield is checked to see if there are still any

undetonated sines remaining in the field. If all the

sines have been detonated, then the routine returns

with no further action.

b. If the minefield is still an active casualty producing

field, then a test is made to determine if the mine

type is blast or fragmentation

1. If the field is a blast type minefield, then the

activator is checked to determine is a dismounted

infantryman. A dismounted infantryman receives a

distance to a mine encounter computed by using the

ASaRS formula. If the activator is a vehicle,

then the distance to a mine encounter is computed

using the vehicle dimensions, minfield density,

and a sample from an exponential distribution as

previously described.

2. If the mine is a fragmentation mine, then a check

is made for Claymore mines. If the mine is a

Claymore, then the distance to activation is
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computed. When the fragmentation mine is not a

Claymore, then the activator is identified. The

expected distance to a mine encounter for a

vehicle is based on the reciprocal of twice the

effective tripwire length plus the vehicle's

width. This expected distance is used as the mean

of an expone. tial distribution sampling. For a

dismounted infantryman, the distance to a mine

encounter is computed based on the tripwire length

and a sampling from an exponential as discussed

previously.

c. Finally, the density of the minefield is decreased for

the next activator by subtracting one from the total

remaining mines in the field.

Thus, the action at a ainefield entry will

return the distance to the next mine encounter for the

scatterable anti-vehicular minefield, the distance to the

next mine belt for the patterned anti-vehicular inefield,

and the distance to a mine encounter for both anti-personnel

minefields and the distance until detonation/activation for

a Claymore mine. The entity attribute FLD.INT.DIST is now

assigned the value of the distance returned from
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INIRE.SCHEDULE. Once the entity travels this distance, then

the next action, the field internal action takes place.

2. ~J~xe rnl ana_ ti

The entity has travelled the appropriate

FLD.INT.DIST in the MOVE routine. An internal action for a

mine encounter now occurrs. During a minefield internal

action, several actions may take place. In general, the

actions include such events as the slowing of the speed of

the vehicle, the lowering of the mine plow, the assessment

of sine hits on the vehicle, and the altering of the

platoon's formation. In this section of the chapter, the

assessment of mine hits on a vehicle is discussed. The

remaining internal actions are discussed in the detailed

description of the minefield internal actions in section

2.2.b. of this chapter. During an internal action Routine

PoP.&.AINE is called. (See Figure 6)

a. Routine POP.A.IUE

POP.&.8INE does the following"

1. Determines the number of mines hit, if any.

2. Determines the location on the vehicle of any hits,
i.e. a belly or a track hit and the distance from
the mine detonation if the entity is a dismounted
infantryman.

3. Determines the damage from the mine encounter based
on the mine lethality data.
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In routine POP.A.NINE, a test is made to

determine if the mine can be detected and avoided, (a

scatterable or a hand-emplaced type that is not buried).

(Ref. 24] If the mine can be detected, then a random number

is drawn to determine if the mine is avoided. Uhen a mine

is avoided, then a new mine encounter distance is determined

and the entity continues to move. The next internal action

will occur at the new mine encounter distance. If, however,

the mine is hit, then a check is made to determine if the

entity is a vehicle or dismounted infantry.

If the field is an anti-personnel minefield and

the entity is a dismounted infantryman, then the minefield

is checked to see if it composed of blast or fragmentation

mines.

1. If the minefield contains blast sines, then the

soldier will die because he has just stepped vn a mine.

Routine ATTRIT is called to update the simulation with

respect to the fatal disposition of the soldier that caused

this action.

2. If the inefield contains fragmentation mines,

then the exact location of the mine is determined. Then,

the distance from the nine detonation to each member of the

( 6
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activator's platoon is computed. If an entity is vithin the
.4

casualty radius of the mine, then routine PROB.AINE is

called. Routine PROB.AIME accesses the mine lethality data

for the mine detonation against personnel. This data is

based on the type mine, the entity's posture at the tine of

detonation, (standing or prone), and the distance from the

entity to the mine detonation location. The lethality data

returns a probability of kill that is then Monte Cario'ed to

determine the soldier's casualty status. The result of the

Monte Carlo is then sent to routine ATTRIT to update the

simulation with respect to the soldierls status.

When the activating entity is a vehicle, then a

check is made to determine the type of inefield entered.

If the inefield is an anti-personnel minefield, then no

damage is assessed against the vehicle. When the type of

inefield is anti-vehicular, then a test is made to

determine if the minefield is patterned or scatterable. If

it is scatterable, then a random number is drawn from a

Uniform (0,1) distribution to determine the mine detonation

location on the vehicle. Au assumption is made that one-

third of the vehicle bottom area is track and two-thirds is

belly. The random number is then Route Carlo'ed against

70
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this standard to determine the location of the mine hit.a
4

Once the hit location is determined, routine PROB.EINE is

called. PROB. 1INE accesses the vehicle lethality data for

mine hits based on the mine type, vehicle type, and the hit

location on the vehicle. PROB.AINE passes the appropriate

lethality data to routine ATTRIT, the damage to the vehicle

is assessed, and the simulation is updated.

If the nine type/minefield is patterned anti-

vehicular, the following computations are made:

1. The number of the next belt to be hit is determined.

2. The distance to the outer boundary is computed.

The outer boundary is the tangent line on the ellipse that

is perpendicular to the semi-major axis. This distance is

computed in several steps. The first step is to convert the

X coordinate of the location of the vehicle to an X prime

location in a coordinate system that uses the major axis of

the field as the I axis and the minor axis of the field as

the T axis. I prime is obtained by the translation formula:

If- I*cos(rotation angle) +cisin (rotation angle)

The distance to the outer boundary (DTOB) is now calculated

as the absolute value of the difference between the X

coordinate value of the center of the field and the I prime
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value described above. This number is then subtracted from

the length of the semi-major axis of the field. This

formula is applicable to both sides of the minor axis of the

field. It is this distance that is the key to superimposing

the mine belts on the elliptical field, and thus, the

locations of the mines relative to the vehicle's position.

The vehicle vidth (VV) is also adjusted to account for the

angle of vehicular movement. Next, the integer mine

location number just to the left of the vehicle

(NUM.LEFT.SIDz) is determined. The routine then determines

if the belt is even or odd, and consequently, if the mines

are located at even or odd integer locations. The

NUM.LBFT.SIDE is then adjusted to the appropriate odd or

even integer further to the left of the vehicle. A loop

search is then conducted to determine where the mines are

located in relation to the vehicle; track, belly, or miss.

Again, the assumption is made that the track takes up one

third of the vehicle width. The detonation locations are

found and routines PRO. HINI and ATTRIT are called to assess

the damage. The routine PROB.1MXYE will now be

described. (See Figure 7)
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3 b. Routine PaOB.MINE

The purpose of this routine is to access the

appropriate mine lethality data and assess the damage to the

entity.

For dismounted infantry the lethality data is

stored in a three dimensional array called GRUNTLETH. The

Table 6: GRUNTLETH

Mine type Posture of soldier Distance from mine
detonation

1 116 1 soldier standing distance is in meters12 ID41 except Claymore data is3 I74 2 soldier prone by I0 meter increments
4 Claymore

dimensions of GRUNTLETH are four by two by five.

The value that is returned from GRUETLETH is a probability

of kill.

If the mine is anti-personnel, then a check is

cade to determine the actual type of mines in the field.

Mhen the mine is a blast mine, then the soldier becomes a

casualty. If a soldier activates a fragmentation mine then

any member of his platoon may be affected. The posture of

each soldier in the platoon, his distance from the mine

detonation, and the type mine are used to access GRUNTLETH

in order to determine a probability of kill. For each nine
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detonation, a probability of kill for each live platoon

member is determined. This probability is Monte Carlo'ed by

drawing from a Uniform (0,1) distribution to determine if

any soldiers are casualties as a result of the blast.

The mine lethality data for vehicles is stored

in the array MINELETH. MINELETH is a four dimensional array

that is five by eight by two by four. The data stored in

MINELETH is Ballistics Research Laboratory (BRL) lethality

data. It is stored as follows:

Table 7: MINELETH

Sine Type Vehicle Type Detonation Damage
Location Probabilities

1 B70 1 Tank 1 Track nobilitycosan 2 °.lly n
4 H15 4 BRDH Hit Catastrophic
5 5119 5 Zsu

SP How

8 SPIT 125

Routine PROBA.INE first tests to determine the

mine type. If the nine is anti-tank, then the system type

of the activating entity is determined. with the type anti-

tank mine, vehicle type, and the detonation location on the

vehicle, HIELETH is accessed and the appropriate damage

probability values are returned to routine POP.A.MINE.
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At this point, the program would return from

routine POP.A.1INE and call routine AINE.SCHEDULE. A new

distance to a mine encounter is determined and the cycle

continues until the entity becomes a casualty or exits the

minefield.

3. 1fld ExiglA

When an entity exits a mainefield its speed is

upgraded to the maximum allowed by the terrain. If a lane

has been cleared through the minsfield, then this

information is stored for future use by follow-on elements.

The previous discussion has described how the

minefield is represented in the STAB model. In the next

section, the discussion will focus on the syaergistic

effects modelled.

D. SYNERGISTIC 2PFECTS

In this section, the tactics ad synegistic effects of

inefields are discussed.

1. Tatical Ilenatives for the Cosandjr

a tactical commander encountering a siaefield has

basically three alternatives to choose from:

a. Be may choose to conduct a hasty Wcah if the saLt
possesses any live plows or Colears.

b. Be iay b aos the sinefield if the tacticalsitusaio I6sts.

(
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C. He may, as a last resortt. order a "bull through-
era o, driving vehicles through .he

sfnefel h opfng to clear a lane and takingcasualties.

The choice that the commander makes is based on

whether or not he possesses knowledge of the minefield. The

manner in which the knowledge is gained is irrelevant. What

is relevant though, is when the knowledge is gained. If the

commander gains the knowledge prior to entering the

minefield, t hen there is more flexibility in the selection

of tactics that are most beneficial for the mission of the

unit. If, on the other hand, he gains his knowledge the

hard way, i.e. by detonating a mine, then the commander is

forced to react in a different fashion. In the design of

this model, some judgmental decisions based on knowledge and

experience have been made. as a result, certain tactical

alternatives were chosen for simulation in this Engineer

Effects module. A recapitulation of the tactical

alternatives in this module are included in Table 8.

The expected tactics of both the US and the Soviet force

commanders are the basis for this model.

2. minefi ld SyneraIsc Achaens

The general inefield effects simulated will nov be

described. As mentioned above, the knowledge of the

77U!
. :lm ~l '

____. . ... ....... E,,- . ,,



Table 8: Tactical Alternatives at an Obstacle Encounter

1. Conduct a breaching operation through the obstacle
whenever the platoon possesses the proper
breaching equl pment.

2. "Bull-through" the obstacle if specified by theuser on inut.
3. If the "bull through" is not specified, then the

entity viii:
a. move to a cleared lane through the obstacle,
if one exists.

b Bypass the obstacle if a bypass exists and no
clear lane exists through the obstacle.

minefield and the mission of the force are the driving

factors in the selection of the counter-obstacle tactics.

In this section of the chapter, the breach and "bull

through" actions are discussed. The bypass action will be

discussed in Section 3. of this chapter. It is for this

reason that the discussion will begin with the knowledge

attribute of the field. The knowledge attribute of the

field may have any of four values, 0,1,2, or 3.

a. 0 or I means that there is no prior knowledge of the
existence or location of the minefield.

b. 2 sans that the minefield's location, but not its
eftell,, is know and that partial lanes through the
m noldu may exst.

c. 3 means that the minefield, and any clear lanes
through it are known.

(See Figure 8) As an entity crosses the field boundary into

a minefield, the knowledge level on the field is checked and

the appropriate action is taken.
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ft a. Actions with No Prior Knowledge

If the knowledge level is 0 or 1, then routine

3INE. SCHEDULE is called to compute a distance to a mine

encounter. If the minefield type is patterned or hand-

emplaced, then once this distance is traversed by the

entity, a detonation occurrs and the knowledge level is

changed to two. If, however, the mines are visually

detectable, then the possibility of avoiding the mine

exists. If the distance to the mine encounter is greater

than the minefield visual detection distance, then the

minefield is allowed to be detected without a detonation

occurring. The ainefield visual detection distance is

designated by the user. Two studies on the subject, the

TERAVS study and a study conducted at Ft Drum N.Y. [Ref.

25,26], may be helpful in the determination of this value.

The distance for the entity to travel in the minefield is

set to this visual detection distance, and the knowledge

level on the minefield is set to two. If on the other hand,

the encounter distance is less than or equal to the visual

detection distance, then routine POP.A.RIIE is called, the

detonation occurs, and the knowledge level on the minefield

is set to two.

(
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9The knowledge level is two, and if the entity is

a vehicle the next check is to determine if there are any

alive plows remaining in the platoon. If no plows are

alive, then the platoon turns around and leaves the

minefield on the same path it entered. The next action for

this exiting platoon is a decision ellipse entry action.

This action is discussed in Section E.i. of this chapter.

If the platoon possesses a plow that is alive, then the

platoon stops for a plow activation time and changes to a

plow formation (the plow leading with all other vehicles

following in column directly behind the plow). The platoon

also has its speed degraded by a plowing speed factor.

In using a mine plow to clear a lane through a

minefield several assumptions are made about plows.

1. Plows clear all mines from the path of the tracks of
the vehicle.

2. The plow suffers no degradation due to mines hitting
the skids.

3. Following tanks are able to follow directly in the
tracks cleared by the plow as a result of the berms
created.

Once plowing begins, routine BINE.SCHEDULE is

called to establish a new mine encounter distance. If the

plow vehicle is still alive when this point is reached, then

routine lE. SCHEDULE is called again to compute a new mine

81
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encounter distance. This process continues until the

minefield boundary is crossed or the plow vehicle is killed

by direct fire. If the plow is killed during the travel to

the next mine encounter, then there are two options for the

platoon, the dead plow may be pushed by the following tank

or the live vehicles may offset around the dead plow and

atteSpt to make a lane through the field without it. When

the plow vehicle is dead, then a draw from a Uniform(O,1)

distribution is made. The random number is Monte CarloOed

against a user specified probability of pushing, to

determine which option, pushing or offsetting, is selected.

I. the offset option is selected, then routine

POP.k.MIWE is called to assess mine damage to the lead tank

at the location of the mine detonation. The speed of the

platoon is upgraded to the maximum allowed by the terrain

and routine MINE.SCHEDULE is called to determine the

distance to the next mine encourter. At the mine encounter,

routine POP.A.RINE is called and the damage is assessed to

the lead tank. This process continues until either the

platoon is depleted or the ainefield is exited. If the push

option is selected, the platoon's speed is degraded further

from the current plowing speed and the platoon continues to
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move through the minefield just as though the plow were

alive. Several assumptions are made with respect to the

pushinq option.

1. Another tank can push a plow tank provided that the
tracks are still on it. A plow tank killed by
direct fire is assumed to still have its tracks
mounted.

2. A pushing t ank gains a slight advantage against
direct fire weapons due to the fact that it is
shielded somewhat, by the tank it is pushing.

3. A platoon can only elect to push the plow once. If
the pushing vehicle is killed the option to push it
and the plow does not exist.

4. The pushing tank is able to follow directly in the
cleared track path of the plow.

Once the pushing has begun, routine HINE.SCHEDULE is called

to compute the distance to the next mine encounter. At the

encounter, the push tank is checked to see if it is alive.

If it is still alive, then the process continues until

either the platoon exits from the field or the pusher dies.

If the pusher is dead, then the offset sequence begins and

continues as previously described.

The next path to be described is the case when

the knowledge level is two. &gain, the reference will be to

Figure 8.
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b. Actions with Knowledge Prior to Entry

When the knowledge level is two, upon entry into

a minefield, an entity need not detonate a mine to find out

that a minefield exists. The platoon is already aware that

a minefield exists and first checks for an alive plow in the

platoon. After this, the path is the same as described in

the previous section from the point where the knowledge

level was changed to two.

c. Actions When a Lane is Known to Exist

The final case to be discussed for the minefield

actions is the case when the knowledge level is three. This

means that there is a clear lane somewhere through the

minefield. This is the final case to be described from

Figure 8.

A check is made to see if the route the platoon

is travelling is clear of mines. If this is not the case,

then the same path as a knowledge level of two is followed.

The unit will attempt to gain a breach. The reason for this

i that the commander takes actions to secure additional

lanes through the minefield. The desire of threat unit

commanders to secure at least one lane per platoon is

discussed in Chapter 3 of this thesis. If, however, the
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5 platoon is travelling on a cleared route, then the platoon

is assembled into a column formation and the speed is

degraded for lane travel safety. The formation and the lane

speed factor are both input parameters. In this case, two

additional assumptions are made:

The follow-on platoons will be able to follow directly
in the cleared, marked lanes.

If a tank is killed by direct fire while travelling on
the cleared lane, the following vehicl s will be able to
push the dead tank out of th way and cont in ue on the
lane.

Each of the above knowledge cases eventually

yields the same result, a minefield exit. Basically, there

are two actions that occur at a minefield exit. If the

vehicle is exiting the minefield ellipse as the result of

clearing a lane, then the knowledge level of the minefield

is changed to three and the platoon conditions are reset for

future minefield encounters. The knowledge attribute allows

follow-on units to know that this particular route through

the minefield is clear. If the vehicle is not exiting as

the result of clearing a lane, then it is moving in a

reverse direction back along its route towards a field

ellipse called a decision ellipse. The decision ellipse and

its function in the module is discussed in detail in the

next section of this chapter, Section D. 3. In this case,

if



f the speed and formation are upgraded to the original

formation and speed but a cleared lane is not recorded.

3. Th2 02gision 2lise

In the previous section, reference was made to a now

type of field, the decision ellipse. This creation is the

key to the capability to insert pseudo-dynamic movement into

the STAB combat modelling process. The decision ellipse

allows the elements in the simulation to make route changes

based upon the tactical situation and the status of the

platoon's organic breaching equipment. The movement has

been labeled as pseudo-dynamic because the alternative route

options must be planned in advance as input, however the

actual selection from the alternatives is dictated by the

battlefield situation.

The decision ellipse is located on a route such that

it will be encountered prior to an engineer obstacle. The

decision ellipse is to be located such that it affords the

attacker maximum cover and concealment from enemy direct

fire. At the decision ellipse, the first decision

concerning the minefield is made.

The general actions that take place at a decision

ellipse will now be discussed. (See Figure 9)
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The decision ellipse is linked to the obstacle ellipse that

is associated with it. This is accomplished by the use of

an integer obstacle ellipse name. As a vehicle moves into

the decision ellipse, the knowledge level of the obstacle is
/

ascertained by linking to the appropriate obstacle ellipse.

If the obstacle ellipse knowledge level is 0 or 1, then the

vehicle passes through the decision ellipse with no further

action. If the knowledge level is two, then the platoon Is

checked for the presence of a plow. If the plow is alive,

then the platoon continues to move with no further action in

the decision ellipse. If the plow is not alive, then the

platoon is given its bypass route and next movement control

point (KCP) and moves toward the new route. If the

knowledge level is three, the platoon is checked for the

presence of an alive plow. If the plow is alive, the

platoon will continue to move on its route through the

decision ellipse with no further action until the minefield

boundary is crossed. If the plow is not alive, then the

platoon will obtain the route and MCP of the cleared lane

and move to it.

In order to better illustrate the concept of the

decision ellipse the reader is referred to Figure 10 for the

following discussion of some situations.
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Each route has a platoon travelling on it. The decision

ellipses were set up in the following manner:

Decision Ellipse Bypass Route Bypass 1CP

A 1 2

B 2 2

C 3 2

RT 3 is a cleared route through the minefield. The

platoon travelling on RT 4 has reached the decision ellipse

and does not have a plow vehicle alive. The knowledge level

of the obstacle is 3, thus, there is a cleared lane through

the minefield. The decision ellipse tells the platoon to go

to the cleared lane located at RT 3 and OCP 2.

jtuati on 2:

The platoon on RT 3 reaches decision ellipse B and

their plow is dead. The knowledge level on the obstacle is

2 because other platoons have entered the minefield and are

attempting to clear lanes through it. The platoon on RT 3

does not have a clear lane or a plow, therefore it will go

to the bypass, RT 2 and BCP 2. As the platoon reaches

decision ellipse A on its bypass route it will again check

to see if a lane has been completed through the minefield.
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*If there still is no lane through the minefield, the platoon

will bypass to RT 1 and NCP 2. These bypass routes and ACPs

are kept as attributes of the entered decision ellipse. If

however, the knowledge level is 3, because a lane had been

completed while the platoon was moving from a to A, then

the platoon will move to the route that contains the cleared

lane. The location of the information about the cleared

lanes is carried in a three-dimensional array called

TRAFFIC.COUTROL. The following information is stored for

each route for each obstacle:

1. Route number of the route being travelled.

2. Decision ellipse MCP on that route.

3. Cumulative distance clear in the obstacle on the
route.

4. The most recent distance to a mine encounter for the
lead vehicle of the lead platoon in the minefield.

5. The number of mine encounters scheduled thus far for
tne elfemets travelling on this route through the

For a more detailed discussion of the TRAFFIC.COMTROL array,

see Appendix A.

In this section, the discussion has been of a

general nature with regard to what is modelled. This is a

good foundation and a necessary prerequisite for an

understanding of the next section, which consists of a
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detailed description of the actions that take place at the

various locations pertaining to fields.

E. DETAILED FLOWCHART APPROACH

In this section the discussion is divided into three

categories, actions at field entry, field internal actions

'and actions at field exits. Section C of this chapter,

gives the reader an overview of the synergistic effects

captured in this model. This section discusses in further

detail how the desired synergistic events are captured in

this model of the combat process. The reader is advised

that routines POP.&.NINE and BINE.SCHEDULE play an important

role in this discussion and thus, should be understood well,

prior to continuing. This model is constructed in a fashion

to account for many simultaneous actions occurring on the

battlefield. For example, several platoons may be moving

through the same minefield either on different or common

routes or combinations thereof, concurrently. The ability

to handle many simultaneous actions necessitates the use of

many flags and tests in order for the model to discern which

entities are involved in the actions. It is for this reason

that the reader will notice a great number of tests and

different situations covered in the following discussions.

( The decision ellipse will be discussed first. (See Figure 11)
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1.The_ Dasion

The decision ellipse on each route carries

the following additional attributes as information:

Table 9: Decision Ellipse Attributes

P1.FLD The bypass route for this route.
P2.FLD The bypass MCP on the bypass route.
P3.FLD The field number of the obstacle associated

with this dei sIon ellipse,
P0.FLD The number o the route this decision ellipse

is located 4n.
P5.FLD The MCP inside the decision ellipse.

When an entity enters a decision ellipse, the

decision ellipse attempts to link to the minefield ellipse

in order to obtain the knowledge level of the minefield.

The link is possible because the decision ellipse is given

the integer number nam4 of the minefield it is associated

with as an attribute. If the decision ellipse is able to

link to the minefield, then the route through the decision

ellipse also goes through the ainefield. In order to ensure

that the next action is a decision ellipse exit action, the

internal distance for the vehicle is set to plus infinity.

If the link is not possible, then the decision ellipse is on

a route that is a bypass around the ainefield. If the

entity is on a bypass route, then the entity must utilize

the formation on the route. However, if the entity is
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utilizing lateral movement in order to circumvent the
4

obstacle, then the route formations are not used. This

instance requires a more detailed examination.

In order to introduce lateral movement between

decision ellipses on different routes, pseudo-dynamic

movement, the formation dictated by the route had to be

overriden.[Ref. 27] When using route formations, movement

is conducted by the projection of the vehicles location onto

the route with respect to the movement control points (MCP)

on that route. Th vehicle is considered to be through an

MCP as soon as its projection on the route is. When moving

laterally, this does not suffice. For lateral movement, the

vehicle itself and not its projection must pass through the

1CP. This action is accomplished, by setting an existing

vehicle attribute, FORELCODR, to zero. Setting FORNACODE to

zero overrides the route formation and causes the entity to

proceed directly to an MCP. This insures that the enti.ty

gets to the 3CP, not just its projection.

At a decision ellipse, several additional actions

take place. First a check is made to ensure that the entty

is moving in the direction of the attack, rather thaL com-z;

back from the obstacle. If the latter is true, tht :ev&:a:i
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Imovement of the entity is halted and pseudo-dynamic route

selection, either to a cleared lane or a bypass route,

occurs. a decision ellipse nay be entered in any of three

different ways,

1. Moving in the direction of the attack.

2. Returning from the obstacle, (moving opposite to the
direction of attack).

3. Moving from the flank, (lateral movement from
another decision ellipse).

Each direction of entry into the decision ellipse has

certain tactical alternatives associated with it. The

following table associates the tactical alternatives of the

module listed in table 8, with the appropriate direction of

(entry into a decision ellipse.

Table 10: Decision Ellipse Tactical Alternatives

Direction of Movement Alternatives from Table 8

1. In the direction of the attack 1,2, and 32.Ret urnleg .frol obstaCle 3
3 rom the AanK of ellipse 3

The remaining internal actions are identical to those

discussed in the general case in section D. 3., above. At an

exit from a decision ellipse, no further actions take place.
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3 2. Ike minefield Elliva

The minefield ellipse actions are probably the most

complicated of the actions to be discussed. As in the case

of the decision ellipse, the minefield ellipse possesses

attributes which are used to control the actions in the

minefield. These attributes are listed below.

Table 11: Hinefield Ellipse Attributes

Attribute name Scatterable minefield Pattern sinefield

P1.FLD number of mines state of minefield
in field activation

P2.FLD trip wie length belt separation
P3. FLD mne type mine atye
P4.?LD probab#lty of deection an av91lance
Pj.F LD pro bit of puhlnn a .ad plow tank

FLD inowiedge level eO .,Or )
FLD cleared lane formation number

P8.FLD cleared an* sled factor
P9.FLD plow activat o ea Ma
P1O.FLD alown s c ire a&ton tactor
P 11. FLD .esh a a en actor
P12. FLD nefild visual dtection dstance

a. Detailed fnefield Entry Actions

upon entry into a minefield the first action

that takes place is to determine if the minefield is

activated. (See Figure 12) If the minefield is not

activated, the entities move through the field as if it did

not exist. The entity entering the minefield is then

checked to determine if is a dismounted infantryman or a
I

vehicle. If the entry is made by a dismounted infantryman,
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S then routine INE. SCHEDULE is called and the actions

previously discussed take place. The reason for this is

that dismounted infantryman do not activate anti-vehicular

mines. Immediate action drifls by infantrymen are not

modelled. When a vehicle enters a ainefield, a check is

made to ascertain if there are bypass routes for this

ainefield and route. If a bypass route does not exist, then

the knowledge attribute is set to one.

(1) io .Prior Knowledge Exists. hen the

knowledge level is zero, the following sequence of events

takes place. Routine INE.SCHEDULE is called and a distance

to a mine encounter is determined. This becomes the field

internal distance (FLD.INT.DIST). & test is then made to

determine if the miaefield can be visually detected. When

the minefield can be visually detected, *a test is made to

determine if the ainefield will be detected prior to

travelling the distance to the mine encounter. [Ref. 25,26]

hen the visual detection distance is greater than zero, it

is compared to the computed distance to the mine encounter

(PLD.IIT.DIST). The shortest distance of the two then

becomes the distance to the next internal action. If the

visual detection distance is the smaller distance, the

99



knowledge level is set to one without a nine detonation

occurring. If the mine detonation distance is the smaller

distance, there will be a mine detonation at the internal

action and the knowledge level will be set to two.

Whichever distance is selected, the route's cumulative

distance clear and platoon movement nuber get updated in

the TRkFFIC.C0VTROL matrix. Logic control is then returned

to the NOy routine.

When the knowledge level is one on entry, the

TRAFFTC.CONTROL matrix is checked to see if the cumulative

distance clear on the route being traversed is greater than

zero. If the cumulative distance clear is not greater than

zero, the no knowledge path is followed. The path for the

no knowledge level is described above. if the value is

greater than zero, the vehicle entering the field will have

its movement number changed to the platoon movement number

in the TRIFrIC.COITROL matrix and the ILD.ZNT.DZST is set to

the cumulative distance clear on this route. Follow-on

vehicles travel safely on a path as far as other vehicles

have already travelled. In order to gain this and unit

movement, the TRAFPIC.CONTROL matrix was created. a

complete discussion of TRAPFIC.CONTROL is contained in

appendix 1.

C,
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(2) Knowedge of-the Nin aeld Exijss. When the

knowledge level is two, a check is made to determine if the

platoon has an alive plow. When there is no plow alive, the

entire platoon is turned around, to return to the decision

ellipse, by switching the platoon's starting and ending

areas. In addition, the FLD.INT.DIST is set to plus

infinity to ensure that the field boundary will be crossed.

If an alive plow exists in the platoon, then TRAIFIC.COUTROL

is checked to determine if this route through the minefield

has a cumulative distance cleared. If the cumulative

distance clear on the route is greater than zero, then some

of the route through the minefield is clear. The

( LD.INT.DIST is then set to the cumulative distance cleared,

the entity moves to the cleared distance, and then control

is returned to the NOVI return. If the cumulative distance

clear is zero, then the platoon is stopped for the time it

takes to activate the plow aud attain a plowing formation

(the plow ia front with all vehicles following directly in

the plow's path). The speed of the platoon is degraded by a

factor to account for a slower plowing speed and the

PLATOOV.COND is set to two (plowing) . The plow speed

degradation factor is a user specified value. Routine
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RINE.SCREDULE is caled to got the distance to the next mine

encounter; TRAFFIC.CONTROL is updated; and logic control is

returned to the MOVE routine.

(3) j". ]aja .-  k ain tht 1nefield. The final

path in the minefield entry case is the when the knowledge

level is three. This means that at least one clear lane

exists through the minefield. The first action to take

place is to determine the cumulative distance clear on the

route being travelled from the TRAFFIC.COITROL matrix. If

the value is plus infinity, the cleared lane is on the route

the platcn is curzently traversing. The FLD.INT.DIST is

set to plus infinity, the formation is changed to a column,

( and the speed that the platoon utilizes on the cleared lane

is degraded by a speed factor that the user inputs during

the initial battle set up. If the cumulative distance clear

is not equal to plus infinity, then the path for a knowledge

level of two is followed.

This concludes the detailed description of the

minefield entry actions. The next section is a description

of the sinefield internal actions. (So* Figure 13)
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b. Detailed flinefield Internal Actions

in the NOVE routine, the FLD.IVT.DIST values are

continuously checked for each moving entity. Once the

FIRLD.INT.DIST is zero, then an internal action is

triggered. The first test is to determine if the entity

triggering the internal action is a dismounted infantryman

or a vehicle. If the entity is a dismounted infantryman,

then routine POP.A.9IXI is called and the damage status of

the entity is determined. When the entity is still alive,

routine KINE.SCHEDULE is called, a new internal distance is

computed, and control returns to the HOVE routine. When the

entity is not alive, control is returned to the ROVE routine

(and no other actions take place. If, on the other hand, the

activating entity is a vehicle, then the knovledge level of

the minefield is checked.

(1) JLjgnovlede ]Ziltg 10 or 11. If the

knowledge level is zero, then the first action is to call

Routine POP.A.EIIZ. In this routine, the damage caused by

the mine detonation is assessed. The knowledge level on the

field is changed to two. If the knowledge level is one, a

visually detected minefield, then routine POP.A.UhUI need

not be called in order to set the knowledge level to two.

SC
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The next check is to ascertain if the unit is utilizing the

"bull through" tactic. If the action is not a "bull

through", then the next check is to determine if a plow is

alive in the platoon. If a plow is alive, it is activated,

the plow formation is set, and control is returned to the

OVE routine. In the case where no plow remains alive in

the platoon, then the platoon is turned around and sent back

to the decision ellipse. If the unit is utilizing a "bull

through" tactic, the platoon follows the path for a

knowledge level of two. This ends the description for the

instance of knowledge levels of zero or one.

(2) Knowledae sti 2or3. When knowledge

exists about the minefield, the first check is to determine

if a clear lane exists on the present route. If a lane

exists, then the FLD.INT.DIST is set to plus infinity, the

formation is changed to a column, the speed is degraded, and

control is returned to the 1OVB routine. If the entire

route is not clear, then the distance clear to travel

(FLD.INT.DIST) is updated to the latest cumulative distance

clear on the route listed in the TRIFFIC.CONTROL matrix.

Next, a test is made to determine if a plow is still alive

in the platoon. If there is a plow still alive, then the

105



PLATOON. COND is checked to see if the plow is already

plowing. If it is not already plowing, then the actions to

get the platoon into a plowing configuration are called and

a hasty breach is begun. If the plow is already plowing,

then routine HINE. SCHEDULE is called yielding a new distance

to a mine encounter and the TRAFFIC.CONTROL matrix is

updated. Control is nov returned to the HOVE routine. If

there is no plow still alive in the platoon, then the

platoon plowing condition serves as the next branch point

for our actions. To review the situation, the platoon is in

a minefield, has knowledge of the minefield, and there are

no plows alive in the platoon. If the PLATOO.COID is equal

to one, the platoon had a plow upon entry into the

sinefield, but had never employed it. At this point, the

platoon is sent back to the decision ellipse and control

returns to the BOVE routine. If the PLATOOU.COND is two,

then the platoon had been plowing already. This means that

the platoon has two courses of action available to it, it

can elect to push the dead plow, or offset around it with

the remaining live vehicles. The choice between the two

options is a probability that is specified by the user. A

random number is drawn from a Uniform (0,1) distribution and
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Monte Carlo'ed to determine which choice will be taken. If

the pushing option is selected, then the actions that take

place are:

1. The platoon speed is degraded to the speed of a tank

being pushed.

2. The PLOV.COND of the push tank is set to four in order

distinguish the push tank from the other vehicles of

the platoon. The PLATOON.COND is set to four,

indicatinq that the platoon is utilizing the pushing

option.

3. The defilade number (DEFOUS) of the pushing tank is

changed. This change affords the pusher partial cover

from direct fire.

4. Routine HINE.SCREDULE is called and the

TRAFFIC.CONTROL matrix is updated.

The selection of the offset option would trigger the

following actions:

1. The speed of the platoon would be upgraded back to the

maximum speed allowed by the terrain.

2. The activating vehicle has its PLOU.COUD set to three,

indicating that it is the lead vehicle of the platoon.

The PLATOON.COND is also set to three indicating that

the platoon is in the offset sequence.

107



3. Routine POP.&.MINE is called and damage to the lead

I vehicle is assessed.

4. If the lead vehicle is still alive, then routine

HINE.SCHEDULE is called, TRAFFIC.CONTROL is updated,

and control is returned to routine NOTE.

5. The formation of the platoon is changed to an offset

formation and the mine type is checked. The mine type

is checked because in a pattern minefield, offsetting

vehicles are allowed to hit the same belt that killed

the lead vehicle. If the type is scatterable, it is

an expected distance that is computed for the

offsetting tank to move prior to a mine encounter.

The final check at this branch is for a

PLATOOV.COUD of three or four. This means that the platoon

had already been pushing or offsetting. The status of the

lead tank or the push tank is checked. If this tank is

still alive, then routine AINE.SCHEDULE is called to

determine the distance to the next mine encounter and the

TRaFFIC.CONTROL matrix is updated. If this vehicle is dead,

then the offset option is chosen. It is felt that the task

of pushing one dead tank that has a plow on it will be very

difficult; the task of pushing two dead tanks, impossible.
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Thus, from this point on, the remaining vehicles in the

platoon will have to offset around any dead vehicles. Their

actions will follow the offset case previously described.

This completes the detailed description of the

minefield internal actions. The final point of discussion

in this chapter is actions to be taken at an exit from a

minefield.

c. Detailed Hinefield Exit Actions

The actions that take place upon exit from a

minefield are relatively easy to understand when one

compares then to the actions discussed already. The

4reference for this discussion is Figure 14.

The first action to take place on exit is to upgrade the

vehicle speeds to the maximum allowed by the terrain. The

second is to determine if the entity is exiting on the way

back to a decision ellipse associated with this sinefield,

or moving in the direction of the attack. If the movement

is in the direction of the attack, then a lane has been

cleared for other units to follow. The following values are

then set:

1. The knowledge level on the the field in set to
three. (a lane exists)

2. In the TRAFFIC.COVTOL matrix the cumulative

istance cleared for the route is set to plus
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3. The platoon has its formation reset to the formation
direeted by this route.

4. The vehicle attributes pertaining to minefield
actions are reset so that future minefield
encounters will not be affected by this breach.
Control is returned to the HOVE routine.

If the entity is moving back to a decision

ellipse on exit, then the platoon has its formation reset to

the one used on entry and continues its movement.

P. CONCLUSION OF THE HINEFIELD MODEL

This concludes the discussion of the model itself and

how the actions take place. The serious user of this model

should be able to take this description, the STAR running

instructions, and the SINSCRIPT 11.5 code included in the

4appendices and have minefields and their synergistic effects
in a STAR Combat simulation run. In the next chapter,

engineer gap obstacles, such as, the tank ditch, road

crater, and blown bridge (short-wet gap), are discussed.

The discussion of the modelling of theme obstacles will

generally follow the same format as the description in this

chapter.

I (
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VI. IEI,_ 1NER APOBTiCLES

A. INTRODUCTION

This chapter discusses the simulation of the Engineer

gap obstacles in the STAR Combat aodel. As in the case of

the minefield, first the obstacles must be modelled and then

the effects of the obstacles on the combat process can be

simulated. The gap obstacle portion of the Engineer Effects

Module allows obstacles to be esplaced, impede the attacker

and cause the attacker to execute predetermined tactical

options. Several of the new methods and terminologies

(introduced in the minefield chapter are also used with the

gap obstacles. Consequently, this chapter requires a

somewhat less detailed explanation than previous

discussions.

B. GAP OBSTACLES NODILLED

In order to model the effects of the gap-type obstacles

on the combat process, it was first necessary to install the

gap obstacles in the STAR model. The Engineer gap obstacles

that are modelled and described in this chapter include, the

tank ditch, road crater, and blow& bridge (short-wet gap).
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1. Zhe Tank Ditch

The tank ditch is a linear obstacle that is modelled

as a path 3.3 meters wide, corzesponding to the major axis

of a field ellipse. The size of the ellipse is detersined

by two factors, the actual length of the tank ditch and its

visual recognition distance. The length of the semi-major

axis of the ellipse is equal to half the length of the tank

ditch, and the semi-sinor axis is the visual recognition

distance. (See figure 15)
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Figure 15: Tank ditch representation

2. The Road Crater

The r toad crater is a point type obstacle,

represented as the centoer of a field ellipse, a cizcle

C
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located on a road or route. The radius of the circle is t e

vYsual recognition distance. These craters (circles) are

placed on the suspected routes of the attacking force and

art designed to delay and disrupt the channelized movement

of this force. (See figure 16)
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figure 16: load Crater/Short-et Gap Representation

3. The Blow& BriSde shot:--t jaL

The short vet gap is represented in a manner that is

very similar to the road rater. The field ellipse

representing the short-wet gap is constructed so that the

route or road in covered by the circle at the desired point.

(See figure 16) VokicLes cannot proceed past this point

without bridging assets. In this model@ swimmin or

snorkeling of vehicles across the wet gap is not simulated.
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C. THE GAP OBSTACLE IN STAR

The simulation of the gap obstacle in STAB produces

certain synergistic effects, one such effect is the

selection of tactics to overcome/neutralize enemy obstacles.

In Chapter five, three ainefield tactical alternatives for

the commander were specified. These sane three alternatives

are appropriate for gap type obstacles and are also

modelled. For the reader's convenience, the alternatives

are listed below.

Breach the obstacle

Bypass the obstacle

"Bull Through" the obstacle

* As in the minefield model, the control mechanism for the

implementation of the above three alternatives is the

decision ellipse. The status of a unit's organic breaching

equipment, however, still serves as the major factor in the

selection of the alternative tactical responses. The types

of breaching equipment are different but the concept reains

the same. In addition, some breaching eguipment is only

effective against specific gap obstacles. For ezample, a

dozer blade equipped tank cannot breach the short-wet gap#

however, it can be used to fll the tank ditch or road
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g crater vith earth to allow passage of vehicular traffic.

The Armored Vehicle Launched Bridge (AVLB), on the other

hand, is effective against all the gap obstacles, since it

is emplaced across the gaps created by the obstacles.

Finally, the self-breach is akin to the "bull through"

instance from the minefield model. This means that the

vehicle can cross some obstacles by itself. This is

accomplished in a rather crude fashion; the tracked vehicle

oscillates back and forth in the ditch or crater, trying to

cave the sides of the obstacle walls in to allow for an

easier exit of the vehicle. This exposes the vehicle to the

high risk of becoming immobilized in the obstacle because of

mechanical failures. This method is also very costly in

terms of the amount of time that is lost while conducting

the self-breach. Only the road crater or the tank ditch may

be self breached.

Now that the gap type obstacle representation has been

briefly outlined, it is time to discuss the synergistic

effects created by the emplacement of these obstacles on the

battlefield. As in the previous discussion of the

sinefields, the actions will be discussed with respect to

flowcharts included with the text. (See Figure 17)
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As the reader ay recall, a decision ellipse can be

entered in any of three ways, toward the attack on a route,

coning back from an obstacle and from the side, when an

entity is moving laterally in search of a bypass route.

An entity entering a gap decision ellipse from the

flank has its attribute (FORMBOADE), that initiated the

lateral movement, reset to allow for future dynamic route

selections. If this decision ellipse is on a route that

circumvents the obstacle in question, then entities entering

this particular decision ellipse are given the formation

dictated by the bypass route and sent on this route toward

their objective. Dismounted soldiers are not affected by

gap obstacles and are allowed to proceed directly through

them. If the entity enters the decision ellipse on the way

back from an uneventful breaching attempt, then his rearward

movement is altered so that pseudo dynamic route selection

(bypass/lane) may occur. At this juncture, the knowledge

Link to the obstacl- is performed for all entering entities

regardless of the direction of travel upon entry.

Prior to continuing, a brief review of the order of

preference for tactical responses will be listed. If a unit
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9 possesses the appropriate breaching equipment to counter an

obstacle, then it will always attempt to breach the

obstacle. If this is not the case and the "bull through" is

not specified by the user on input, then a lane select or a

bypass option will occur.

When an entity enters a decision ellipse and has no

knowledge of the obstacle's existence, then the entity is

sent directly toward the obstacle to continue the attack.

If, however, the unit is aware of the obstacle's existence,

(the knowledge level is two), then the unit is checked for

possession of the appropriate breaching equipsent to counter

the impending gap type obstacle. The application of

particular piece of breaching equipment against a particular

obstacle was discussed earlier in this section. If the

platoon possesses breaching equipsent, then it is allowed to

continue in the attack toward the obstacle. The next check

made when the knowledge level is two is to determine if the

unit will bypass or "bull through* the obstacle. This

determination is necessary only when the unit does not have

applicable, organic breaching assets to neutralize the

obstacle to its front. if the "bull through*/self breach is

specified on input. that the entity continues to move toward
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the obstacle. If the bypass option is chosen, then the unit

will obtain the Bypass Route and dovement Control Point from

the field's attributes and then move to the Bypass Route and

ICP. If information about a breached lane through an

obstacle exists, (knowledge level of three), then a platoon

without proper breaching equipment will proceed to the lane

that already exists through the gap. If a unit has the

necessary equipment tc perform a successful breach, it will

always attempt to breach a lane on the present route of

movement.

The Decision Ellipse is the main control mechanism

for the selection of tactical alternatives available to the

unit commander. The next section of the gap barrier

discussion pertains to actions at and in the gap obstacle

field ellipse. (See Figure 18)

2. Ga Entry Actions

The first check made when an entity enters a gap

obstacle is to determine if the obstacle is emplaced/active.

If the obstacle is not active, then the entering entity

continues its unaffected movement in the current direction.

At this point, a check to determine if the entity is mounted

is made. If the entity is not in a vehicle, then it is
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3 allowed to proceed unscathed through the barrier. Again,

dismounted entities are assumed to be unaffected by gap type

obstacles. Upon completion of these initial checks, the

knowledge level of the obstacle is ascertained. If the

knowledge of the obstacle is nonexistent, then the level is

now switched to two, the entity and all affected units now

know the location of this obstacle. Thr reader is reminded

that the gap type obstacle field perimeter is defined by the

visual recognition distance to the obstacle. If the route

of present travel is a cleared/breached lane across the gap,

then the entity will change formation to a column and

proceed to the crossing site. If this route does not

contain a breach, then a check of the status of the

platoon's organic, breaching equipment is made. If the

platoon possesses appropriate breaching equipment to

counteract the obstacle, then the equipment is sent forward

to gain a breach across the gap. The ongoing breach flag,

located in array TRAF.CONTROL is set to the number of the

platoon presently attempting the breach on this route (see

Appendix A for more details). The remainder of the platoon

is halted, placed in half defilade positions, and provides

overwatching fire for the breaching operation. An event is

(
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schedaled every fifteen seconds to update the overvatching

entities on the progress of their platoon's breaching

operation. This event is called HEAVY.JUK and is discussed

in detail in Section five, below. When a platoon possesses

no organic breaching equipment, a test is made to determine

If a bypass route exists for the entities on this route. If

the unit can bypass, then the entity's platoon is turned

around and sent back to the decision ellipse. If the unit

cannot bypass, then it must "bull through". When this is

the situation, a check is made to determine if a breaching

operation is already underway on this route. If a breaching

attempt is already in progress, the entity's platoon will

-stop, move into half defilade positions, and cover the other

platoon's breaching operation by direct fire. When this

occurrs an event called G&P.JOCK is scheduled. (See Figure

19) If, however, no breach is underway, then the entity

moves to the gap and attempts a self-breach.

3. f _ L

This event simulates a breaching operation status

report for the overwatching fire entities. If the breaching

operation is still in progress and the breaching/ bridging

equipment is alive, then the supporting entities continue
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3 their covering fire role. If, however, the operation has

stopped, regardless of success or failure, the checking

entity starts moving toward the gap to either cross over the

successful breach or attempt a self-breach.

This completes the discussion of the gap obstacle

field entry actions and the gap internal actions will now be

explained. (See Figure 20)

4. ftp Internal Actions

kt the gap, the knowledge level of the obstacle can

only have two possible values, two or three. The first,

representing an obstacle without a breach and the second, an

obstacle with a breach/span across the gap. If the obstacle

is spanned/breached (knowledge level of three), and the

route being travelled is the cleared path, then the entity

changes its formation to a column and reduces its speed in

order to move through/over the crossing site. When no

breach exists, then the breaching equipment, the Blade Tank

and 1VLB, must be programmed to perform different actions

upon arrival at the obstacle than the self-breach type of

tracked vehicles.

In order to make the distinction between the types

of breaching equipment, two chocks are mad*. These chocks
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allow the appropriate actions to take place depending on the

type of obstacle encountered and the type of equipment

available in the platoon encountering the obstacle. In

making the distinction between the two categories of

potential breachers, when there is no breach through the

obstacle on the route of travel, a check is made to

determine if the obstacle is a destroyed bridge (short-wet

gap). This check is made because the only entity allowed to

reach a blown bridge location that has not been spanned, is

an AVLB. The Blown Bridge obstacle always has a bypass

option; the "bull through" is not permitted. If the

obstacle is a road crater or tank ditch, then a check is

made to determine if the entity causing this internal action

is a piece of breaching equipment, a dozer blade equipped

tank or an AVLB. Uhen the activating entity is not a

breaching vehicle, a check is made to determine if the

obstacle is a tank ditch and the knowledge level is three.

If this is the case, then the entity is simulated as moving

to the adjacent breach by drastically reducing its speed and

directing this platoon element into a column formation.

This speed and column change feigns this lateral movement;

the vehicle actually stays on its current route. If the
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3 obstacle had no breach, (knowledge level of two), then the

entity must self-breach. In this situation the vehicle is

halted, put in gun tube defilade to simulate being in or at

the bottom of the ditch, and is prevented from firing due to

its position in the ditch. The probability of

immobilization during a self breach is Monte Carloled to

determine if the entity will become a mobility casualty in

the future. If the entity was fortunate enough to avoid

becoming stuck in the ditch, then the vehicle is scheduled

to start to move after sufficient time has elapsed to

simulate a gap penetration by self breaching. If the

obstacle is breached in this manner, then an event

VALL.BRZ&CH is scheduled to occur after the alloted time has

passed and the vehicle is taken out of its defilade posture

and allowed to fire again. The purpose of VALL.BR&CH is to

update the knowledge level of the obstacle to three in order

to indicate this route as a breached lane through the

obstacle to follow-on units. (see figure 21)

This completes the description of the internal action with a

breach not in existence on the route of travel and the

platoon void of any breaching equipment.

12
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The discussion continues with the situation when the

knowledge level is two and the platoon has breaching

equipment on hand. For this discussion, the reader is again

directed to figure 20. If the vehicle causing this internal

action is a dozer blade equipped tank, then the tank is

halted, put into half defilade while it fills in the

excavation, and its direct fire capability is removed. when

the breaching device is an ALB, the bridge vehicle is

stopped on the friendly side of the gap. In both cases an

event GAP.BRRaCH is scheduled to occur after sufficient tine

has elapsed to simulate the appropriate breach/span. This

event will be discussed in section 6 below. The possibility

exists that an earlier breach was scheduled for this route.

In order to simulate this situation, an event called

REAVY.JUNK is scheduled to update the breaching progress

status of the obstacle.

The discussion has covered all the actions that can

take place at the gap. At this point two events, HB&VY.JUVK

and G&P.BREACH have been scheduled. These events and their

ramifications with respect to the simulation will now be

explained. (See Figure 22)
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95. EventU U HAILJI

Event HEIVY. JUNK is scheduled by the platoon

overwatching elements at field entry and again scheduled by

the breaching equipment at the gap. This event serves as a

situation report on the progress of the breaching effort.

If the breaching effort is continuing, the platoon breaching

equipment is checked. If the appropriate breaching

equipment to counter the obstacle in question is still

alive, then another status report, HEAVY.JUNK, is scheduled

to take place in fifteen seconds. If, however, the obstacle

is not breached and the platoon effort has been exhausted,

then the array TRAp.CONTROL (see Appendix A) is checked to

'determine if the platoon can bypass this obstacle. If the

platoon can bypass the gap, then the remaining unit members

are turned around and sent back to the decision ellipse

where additional platoon movement actions will take place.

However, if the platoon cannot bypass, then the elements

have to attempt a self-breach of the obstacle. The platoon

elements covering the breach are taken out of their half

defilade positions and moved toward the gap where the self

breach will occur.
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The remaining segment of Event HEAVY.JUNK pertains

to the breaching equipment attempting to breach the gap. If

the knowledge level is three, a breach is completed. If

this route contains the breached lane, then the platoon is

restarted. These entities are taken out of any defilade

positions, assembled into platoon column and move in the

direction of the attack. The breaching equipment departing

the gap is slowed down just enough to let the remaining

platoon elements catch up. During Event HREAY.JUNK, anytime

movement is initiated toward the gap, the TRAF.CONTROL flag

signifying a breach in progress is turned off 'by setting the

value to zero. (see Appendix A)

The last series of checks and actions for breaching

equipment at the obstacle requires additional explanation.

This is accomplished by an example. (See Figure 231

At time 9:00, Platoon A arrived at the tank ditch in

question and began a breaching operation. Two tanks are

covering by fire and the platoon blade tank is starting to

fill in the gap. The successful breach is scheduled to

occur in six minutes, at 9:06. Platoon B is approaching the

obstacle. (See Figure 24)
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At 9:02 Platocn B arrives at the obstacle on the

I same route and schedules a breach to occur for its blade

tank at 9:08.

Platoon rived Brea . Scheduled

B N/A U/A

1 48 platoon A coergng fire. element.
() Is platoon A breaching aup ent.

a s ltoon B cvering ffir lement.
(0) I.s toon B reaching equipaent.

Fiqure 23: Bultiple Breach of a Tank Ditch, Time: 9:00

Platoon Bs two other tanks remain at the field boundary and

cover the breaching operation by direct fire.

at tie 9:06, Platoon A completes a successful

breach. Route I is now a cleared lane and the elements of

Platoon A b4gin to move to crom the gap. s a result of

the successful breaching operation by Platoon A, it is not
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:ecessary for Platoon B to continue its breaching operation.

Th-oagh the use of zhe event HEIVY.JUNK, Platoon 3 is also

started up and allowed to cross the obstacle at

approximately 9:06.

I m I
Plat oon Arrived Breach Scheduled

A 9:00 9:06
B 9:02 9:08

4 7NNK Dr

I platoon I covering fire element.
I) S platoon A breaching .Suipment.
0 aoon B coverinAg fre element.
(0) s ptoon B breaching equipment.

Figure 24: Eultiple Breach of a Tank Ditch, Time: 9:02

This concludes the discussion of Event EAVY.JUVK, the next

explanation concerns the Event GAP.BREACH. (See Figure 25)

6. EvJen . MICS

Event GAP. BRACH simulates the actual break-through

at the gap obstacle. At the beginning of this event, some
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checks are made to ensure that the scheduling entity is

still breaching and alive, and to determine the type of

breaching equipment involved. If the entity is alive,

breaching, and an AVLB, then it completes the bridge

launching operation. At this time, the bridge launcher

vehicle is put in full defilade and the AVLB as a

participating entity is removed from the simulation. The

assumption is made, that once a bridge is emplaced over a

gap; the launcher remains at the bridge site and follow-on

elements are allowed to cross over the gap on this bridge.

Irregardless, of the type of equipment performing the

breach, the remaining platoon elements are put into a column

formation and movement is started to or from the gap

depending on the element's present location. In addition,

all vehicles are taken out of any defilade postures, the

breaching equipment is allowed to shoot again, and is slowed

to allow other (covering fire) platoon elements time to

catch up. The knowledge level of the obstacle is changed to

three to signify that this route has a breach. The breach

in progress flag in TRAF.CONTROL is reset to zero (see

Appendix A).

(
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This concludes the discussion of the internal

actions that occur at a gap obstacle. In the remaining

section of this chapter, the actions taken upon exit from a

gap obstacle field are discussed. (See Figure 26)

7. Gap Exit Actions

When an entity activates a gap obstacle field exit

action, it is checked to determine if the entity is a

vehicle. If the entity is a vehicle moving in the attack

direction, it affects the knowledge level of the obstacle.

Dismounted entities/soldiers are not allowed to affect the

breach status of a gap obstacle. The status of the obstacle

is again checked to determine if it is activated or just

planned. If the entity is not a dismounted soldier and the

obstacle is indeed a barrier to movement then the departing

entity's speed is increased to the maximum allowed by the

terrain and all vehicle attributes affected by the gap field

are reinitialized. The last check determines if the entity

is moving in the direction of the attack following a

successful gap crossing or in the opposite direction,

returning to the decision ellipse after an uneventf.I

breaching attempt. If the latter is true, nothing further

happens in the gap obstacle and the entity moves back to the
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decision ellipse to select a lane or bypass the obstacle.

5 If, however, the vehicle has passed through the crossing

site and is continuing the attack, then the obstacle

knowledge level is changed to three.

The synergistic effects of gap type obstacles have

been described in detail. In the next and final chapter,

the discussion will focus on sone further enhancements to

the Engineer Effects fiodule.
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The Engineer Effects module for the STAR Combat Nodel has

been discussed in detail. This chapter suggests some

possiblities for future efforts to enhance the capabilities

of this modul4. many of these ideas are ones that time did

not allow to be implemented in this first attempt at the

module. Still, others were not thought of until the

cospletion of the module and its associated documentation.

In any event, there is still such to be done in the Engineer

arena and these ideas may be helpful in future endeavors.

A. FURTHER CAPABILITIES OF THE OBSTACLES REPRESENTED

Scatterable minefields exist in the current module in

both an activated or a deactivated state. This acts as an

on and off switch for this obstacle. The Field Artillery

could shoot scatterable mine rounds into an unactivated,

preplanned, scatterable minefield ellipse and then activate

this field by setting its attribute, P1.FLD, to the number

of mines delivered in this field.

most scatterable mines possess a self destruct

mechanism. It is possible to simulate this characteristic
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by scheduling an event to set the attribute PI.FLD of a

Scatterable minefield, to zero at some time in the future of

the simulation. The time duration between the activation

and deactivation time of the minefield should be the self

destruct time of the mines in the field.

Further, the detonation of a scatterable mine could be

affected by the probability of the sine being a dud, self

destructing early, or not ejecting tron the shell properly.

For a more detailed discussion of these probabilities and

effects, see Reference 28.

B. ENGINEER UNIT REPRESENTATION IN STAR

Engineer units are not currently represented in STAR.

Now that the primary obstacles and their effects are

modelled, a possible future iteration in the enhancement of

the Engineer Nodule is the explicit modelling of Engineer

units.

1. naineers in tEsQfLuU

The discussion in Chapter two avoided the deliberate

breach as an option for the iactical commander to utilize to

overcome obstacles. If the Engineer units are specificaly

represented, then this tactical option becomes a reality on

the simulated battlefield. Line charges and the Surface
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Launched Unit Fuel Air Explosive system (SLUFAR), both

organic to Engineer units could also be simulated. [Ref. 20]

2. kaginr in-h Dfs

Again, if the Engineer units are specifically

represented, then their employment in conjunction with

planned, inactivated obstacle ellipses to simulate obstacle

construction, while the battle is ongoing could be a

reality. This could be accomplished by planning to send

Engineer units on routes through several unexecuted obstacle

ellipses. Upon arrival at an inactivated obstacle field, an

event to activate the obstacle could be scheduled to occur

at some time in the future. The time until activation is

the emplacement/excavation time required for the particular

obstacle. This time parameter can be input as a field

attribute. The Engineer units would be required to monitor

the disposition of friendly forward elements. This is to

determine if activaticn of the obstacle is still possible or

if an early/uneventful field departure by the Engineers will

occur. In any event, the Engineer unit would move to the

next field obstacle ellipse planned on its route. Engineer

units could either activate obstacles themselves or turn

over prepared targets to tactical units for them to
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detonate/activate. This cycle of events would continue

until the Engineers reach their final defensive position.

C. EQUIPMENT ENHANCEBENTS/CAPABILITIES

The effectiveness of the mine roller or mine plow for

clearing mines may be of some ccncern. If this is the case,

the number of hits could be tallied in routine POP.A.MIXE

using the existing framework for determining the hit

location of a mine in relation to the activating vehicle.

The only dimensions required are the skid width of the nine

plow or the roller width of the mine roller. In addition, a

roller or mine plow could be eliminated after reaching some

threshold value of mine hits or each hit could be Monte

Carloted against a probability of kill of a roller or a

plow.

The Armored Vehicle Launched Bridges (AVLB) that span a

gap are currently removed from the simulation as soon as the

bridge is launched. If the user wishes to reactivate this

employed bridge, then an event to change the launched status

of the bridge vehicle would have to be scheduled to occur at

some future time. This event would alter the value of a

bridge vehicle's RV.STATZ attribute, change its full

defilade posture, and file it in new PLATOON, COIPAIT, and

(14



BATTALION sets. In addition, the breach status on a route

through an obstacle would have to be changed to reflect the

removal of the bridge from the gap.

D. ADDITIONAL OBSTACLE REPEESENTATION

A built up area could be represented by an ellipse that

would slow and channelize movement. Incoming and outgoing

direct fires from this ellipse could be modified or halted

in order to simulate vehicles being masked by buildings in

the built up area. This could be accomplished by changing

the entity's defilade posture to halt incoming direct fire

and either its plow or blade conditions to halt outgoing

direct fire. Values of four or two, for PLOW.COID or

BLADE.COND, respectively, would accomplish this effect.

A river crossing site ellipse could be used to simulate

vehicles crossing a river by swimming or snorkeling. This

could be the "bull through" option, near a blown bridge

obstacle. Tine could be assessed against tanks that had to

affix snorkeling fixtures, their speed could be degraded,

direct fire stopped, and they could be put in a full

defilade posture (underwater) . The amphibious vehicles

would have similar actions taken to degrade their

performance.

(
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E. OTHER TLCTICAL OPTIONS

1°  The option to cover a deployed mine breaching vehicle by

platoon or company direct fire should be added to this

Engineer nodule. The basic logic and structure for its

implementation already exists in the gap obstacle portion of

the module.

Imperfect or nonexistent intelligence betveen attacking

echelons could be simulated by zeroing out the TRir.CONTROL

matrix and re-initializing the knowledge level of the

obstacles, field attribute P6.rLD, between passage of the

echelons.

The Engineer Effects Nodule currently simulates the

following tactics.

1. Breach the obstacle if possible, otherwise "bull
thro uqh".

2. Breac& the obstacle if possible, othervise select a
clear lane if one exists, or bypass the obstacle.

Additional tactical options could be modelled vith minor

modifications to existing code. This may require the

addition of another attribute to the obstacle ellipse to

indicate ths appropriate tactical option. Some additional

tactical options include the following:

1. Select a clear lane if one exists, otherwise bypass,
breach or "bull throah" as a last resor.

2. M~eac the obsacle ispossible, otherwise select
clear lane if one exists, or bll through" as a
last resort.
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7. MISCELLANEOUS

In the current Engineer Module, AVLB vehicles are

prevented from firing by giving then no ammunition, however,

they still search for targets. In the new light Vision Lab

Search Model, target selection by hVLB's can be turned off

by defining a search type which calls for a search tactic of

zero. & search tactic of zero does not exist and the

simulation will only call one search for the bridges.

However, the flash detection may be an exception to this

rule. Thus, a search or detect will never occur for a

bridge entity again. This would yield a small savings in

computer time, as a result of fever searches during the

model run.

In this chapter, the discussion has centered around

ideas to further enhance the capabilities of the Engineer

Effects Module. In a modelling project of this magnitude,

there is no fitting conclusion. is each piece of the Combat

Modelling process is completed, more questions pertaining to

the whole process are generated. Perhaps this is what makes

Combat Modelling the iterative process it is. One statement

seems to suffice...The effort goes on.

(
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In this appendix, the dimensioning and function of the array

TRAF.CONTROL is discussed. This array is the key to the

implementation of pseudo-dynamic movement in the Engineer

Effects Module for STAR. The array TRAF.CONTROL is accessed

many times throughout the simulation to obtain information

necessary for pseudo-dynamic movement. In order to provide

the reader with a more complete picture of TRAF.CONTROL, it

is described in detail in this appendix.

A. THE DIMENSIONING CF TRAF.CONTROL

TRAF.COVTROL is a three dimensional real array with the

following sub'scripts:

OB: obstacle number (1,2,...OB.VUM)

RT: route number (1,2,...RT.OB.NU)

K: integer index (1,2,3,4,5)

The nnmber of obstacles (input parameter- OB.NIU) and the

number of affected routes (input parameter - RToOB.UN) each

play a critical role in the dimensioning of this array.

There are several ways to obtain these input parameters,

14
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some save computer time by demanding some input

manipulation, while others use more computer time but are

more user friendly. The more efficient example is described

first.

1. If the user puts the obstacle ellipses first on the

input list, then OB.AUK will be the smallest possible

value. Since the first dimension of TRAF.CONTROL is

based on OB.NUR this action makes the first dimension

of TRAF.CONTROL the smallest it can be.

2. For the second dimension of TRAF.CONTROL, if the user

takes the routes that are affected by the obstacles

and puts them first on the input list, the RT.OB. MUH

will be the smallest possible value. Since. the second

dimension of TRAF.CONTROL is based on RT.OB.NUM, this

step makes the second dimension of TRAF.CONTROL also

the smallest possible value.

3. The third dimension of TRAF.CONTROL is indexed from 1

to 5.

Since the above procedure provides TRAP.CONTROL with the

smallest possible dimensions, it is the most efficient

method of dimensioning TRAF.CONTROL. It is true that the

SINSCRIPT language possesses the capability to utilize
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ragged arrays. The authors pondered over this very issue

and made a conscious decision not to use this capability.

Since TRAF.CONTROL is accessed so often in the Engineer

Effects Module, the authors determined that direct access to

its contents was more desirable than the numerous searches

of array data required by the ragged array technique. Other

alternatives to the manipulated route and obstacle approach

listed above range from using just step number one above and

not ordering the routes to using step number two and putting

the fields in any order or finally, not ordering anything,

thus creating a TRAF.CONTROL array that is very large and

inefficient in terms of computer storage. In this last

case, OB. NUM is the total number of fields used in the

simulation and RT.OB. NUM is the highest route number used.

With the dimensioning of TRAF.CONTROL explained, the

remaining discussion will focus on the contents of

TRF.CONTROL and its function in the Engineer Effects

Module.

B. THE CONTENTS OF TRLF.CONTROL

TRAF.CONTROL contains information that is slightly

different for the two major types of obstacles modeled.

This section discusses the values with the obstacle
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differences taken into consideration. The array

TRAF.CONTROL is accessed Ly obstacle number, route number,

and the third dimens-;n value. The third dimension values

in each of the five positions are the valuLs that are

required by the simulation. It is for this reason that the

reader is reminded that the values being described in the

five positions exist for each obstacle and associated route

through the obstacle. The values that are stored in these

five places are listed by major obstacle type below:

1. Minefield TRA_.cOU2__RO Conets

These are the items contained in each of the five

positions of the array TRAF.CONTROL with regard to

minefields.

1 The route number, the entering entity is

travelling on in the ainefield. This number

is accessed by follow-on units when this is a

cleared lane through the minefield.

2 The Bovement Control Point in the decision

ellipse or a value of zero, if the entering

entity is going to "bull through" the minefield.

3 The cumulative distance clear in the ainefield

on this route. If this value is plus infinity,

this route is a lane through the inefield.

(-
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4 The most recent distance to mine encounter for

the lead vehicle in the lead platoon trying

to traverse the ainefield.

5 The total number of mine encounters scheduled

thus far for the elements travelling on this

route through the minefield. (bump number)

2. Gap Obstacle TRAP. _OT Conntsts

These are the items contained in each of the five

positions of the array TRAP.CONTROL with regard to gap

obstacles.

I The route number that the activating entity

is travelling upon entry of the gap obstacle

ellipse. This number is accessed by follow

on units when this route has a breach/span

through the obstacle.

2 The Sovement Control Point in the decision

ellipse or a value of zero, if the entering

entity is going to "bull through".

3 The lane status of this obstacle for a

particular route.

0 - a lane does not exist on this route.

* infinity - a lane exists on this route

through the obstacle.

(
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4 The breaching status for this route. If

the value is 0, then there is no breach

in progress on the route. Any other number

indicates the platocn number of the platoon

currently attempting a breach on the route.

5 not used.

C. THE FUNCTION OF TRAF.CONTROL

The values stored in this array differ for the major

obstacle types, thus, the discussion is categorized in this

manner.

1. nRat.CONTROL Funclion in infjs

The first position in TRAF.CONTROL contains the

route number of the entity travelling in the minefield.

This route number is entered in TRAP.CONTROL upon entry into

a minefield by an entity. The second position pertains to

the tactical option to "bull through" or to bypass the

inefield. The options to "bull through" or to be able to

bypass, are values specified as attributes by the user.

These values determine what value will be placed into

TRF.CONTROL position number two. If the user specifies

that the "bull through" option is to be used, i.e. there is

no bypass route, then the entity conveys a value of zero to
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this postion upon entry into a decision ellipse. If the

entity has the option to bypass the minefield, then the

entity conveys the number of the Movement Control Point in

the decision ellipse to position number two. At this point

the simulation has all the necessary information to perform

pseudo-dynamic route selection of cleared lanes in the

minefield. If a clear lane through the minefield exists,

and entities have decision ellipses and the bypass option,

then the TRAF.CONTROL array is searched over position three

to locate a lane. The affected units are then redirected to

the clear route and dCP, stored in array TRAF.COITROL for

the obstacle.

The remainder of the discussion of TRXF.CONTROL

pertaining to minefields concerns positions three, four

and five. Bach vehicle (entity) has an attribute called the

tank bump number (TBUNP.3U3). This attribute allows the

entity to move as a member of a platoon when in a sinefield.

Upon entry into a minefield the value of TBUP.NMU is always

zero. If the bump number (position number five) in

TRAP.CONTROL is greater than the TBUP.UUN of the vehicle

entering the field, then another vehicle has preceded it

into the field. Since another vehicle is already sone
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cleared distance in the minefield, the entering vehicle is

allowed to travel that distance with no sine effects. In

order to implement this effect, TRAF.CONTROL is utilized

further.

The difference between the TBUEP.NUH and the bump

number stored in TRAP.CONTROL is computed. If the

difference is one, the entering vehicle receives the most

recent distance to a mine encounter for the platoon lead

vehicle. This value is stored in position four of

TRAF.CONTROL. If the difference is more than one, the

vehicle's next mine encounter distance is set to the

cumulative distance clear for this route and stored in the

TRAF.COITROL matrix, position three. The vehicle's

TBUMP. NUN is updated to the value of the TRAF.CONTROL bump

number. If, however, the difference between TBUNP. NU and

the bump number in position five is zero, then the vehicle

is the first from the platoon to enter the minefield.

Routine BINM.SCNEDULE is called and a distance to a mine

encounter is computed. This distance value is placed in

TRA?.CONTROL positions three and four and both the array

bump number (position five) and the vehicle's TBUMP.MN01 are

set to one.
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The use of the bump numbers at the minefield

internal actions is nearly the same as in the discussion

above. The difference betveen the vehicles TBgMP. NUM and

the value of the TRAF.CONTROL array bump number is

calculated. If the difference is zero, then this entity is

the lead element in the platoon. The next mine encounter

distance is obtained from routine NIVE.SCHEDULE and this

distance is placed in position four of TRAF.CONTROL. This

distance is then added to the valre (cumulative distance

clear on the route) already stored in TRAF.COUTROL position

three. The entity's TBUAP.NU and the array bump number are

both incremented by one. If on the other hand, the

TBUUP.UH of the activating entity is less than the bump

number (position five) of the TRAF.CONTROL matrix, then

other actions take place. If the difference is only one,

then the distance stored in position four of TRkF.CONTROL

vill be transmitted to the activating entity as his next

mine encounter distance and the entity's TBURP.XUH is

increased by one. If the difference Is more than one nine

encounter distance, then the distance from the activating

entity to the lead platoon vehicle's projected cleared

location is calculated and this becomes the distance to the
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next mine encounter for the activating entity. This

* entity's TBO5P.NUH is given the value of the array's bump

number (position five). This process continues until the

platoon traverses this inefield or is depleted. When an

entity exits a minefield after a successful breach, then the

cumulative distance clear value for the route, TRAF.COMTROL

storage location three, is set to plus infinity. This

signifies that a breach exists through the einefield on this

route and allows follow-on units to search TRAI.CONTROL to

find the cleared lane for this obstacle.

2. AZ.C 2 unctions In Gap Obstacles

The same actions for the TRAP.CONTROL array for

positions number one and two occur for the gap type

obstacles. The storage for positions three, four and five

differ from the previous discussion concerning inefield

interactions. Position number five is not used by entities

involved in gap obstacles. The third storage location is

used as a flag to trigger dynamic lane selection. If it

contains a value of plus infinity, then a successful breach

has been performed through this tank ditch and follow-on

unit movement is redirected toward this lane. If the value

contained in position three is 2ero, then the gap has not
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been penetrated and units must either attempt a self breach,

B breach with equipment, or bypass this excavated obstacle.

TRkF.CONTROL position number four contains the number of the

platoon that is already performing a breaching operation on

this route at the gap. This information gives follow-on

platoons, that would otherwise have to attempt a self

breach, the opportunity to cover the breaching platoon's

effort by fire. In addition, if the breach attempt is

successful, the follow-on platoon can ut.lize the breach

gained for their crossing of the gap.

The discussion of the TREAF.CONTROL array is, indeed

an important one because this array organizes the movement

of platoons and enables units to dynamically select cleared

lanes. In addition, TRAF.CONTROL coordinates fire support

of current breaching efforts from follow-on units on the

same route in the instance of a gap obstacle. This

concludes the explanation of the array TRAF.CODTROL.
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In the construction of this model, many changes were

made to the existing STAR code. In order to facilitate the

location of these changes the authors have supplied several

lines of unaffected code occurring before and after the

changed lines. In addition, the lines with changes are

further highlighted through the use of a plus sign (+}

immediately following the line number.

Purpose

The PREa8BLE provides the compiler with definitions

regarding entities, attibutes, and sets; events and

routines; background mode, type and dimensionality and

global variables and arrays.

Nodifications

The following additions have been made to the

PREABLE. For additional information refer to the thesis

section listed below.
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Events (Appendix C)

DITCH. KILL
DIVERT
GAP. BREACH
GAP.JOCK
HALT
RA VY.JUNK
UUMKOVE
TA ND TO

TURN. AROUND
WALL. BREACH

Global Variable

FLD. POINTER (I-D) Integer

This 1-dimensional array contains the temporary
field pointers. This enables the user to
access the obslacles by using the sequential
order numbers given the fields on input.

TRAF.CONTROL (3-D) Real (Appendix A)

Permanent Attributes Integer

GRUNTLETH. (3-D)

This 3-Dimensional array contains the BEL
casualty data for anti-personnel mines.

KINLETH (4-D)

This 4-Disensional trray contains the BEL
casualty data for ant -tank mines.

PLT.COUD (I-D)

This attibute of the platoon leader keeps track
of the preent action ptatus of the platoo; in
a minefield (i.e. ploving, offsetting, pushing,
etc.)
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*NXT.BELT (1-D)

This platoon leader attribute stores the ;umber
of the next mine belt to be encountered in the
minefield. It allows the platoon to move
through a minefield as an organized unit.

Temporary Attribute Integer

BLADE. COND

This unit attribute gives the tank the ability
to have a dozer blade characteristic.

FLD. FORM

This unit attribute gives the entity the
ability to change formations when encountering
an obstacle.

HOLD. FOR

This unt attributl is a stortge place, where
the units formation number Zor the latoon
(FOREACODS) can be placed when lateral route
movement is appropriate.

PLOW.COND

This unit attribute gives thi tank the ability
to have a mine plow characteristic.

TBUMP. NUN

this unit attribute allows the entity to move

in a very detailed manner a a member of hisplatoon when in an obstacle field.
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TP N AI. FLD

This field attribute keeps the temporary
pointer number of the field.

WHAT. BELT

This unit attribute works in conjunction with
the platcon leader attribute (NXT.BELT).

In order for an event to have arguments passed from

event to event or routine to event, etc., the arguments must

to be given in the PREAMBLE.

The following arguments will be described in Appendix C.

BAGGED.BOY
BREACHER
BYPASS
GULLY.CAT
HOLE
HO ME
INT.TIME
XUM. POINTZR
RAMKER
REP. NUMBER
SABOT. SHOOTER
SIDE. STEPPER
SLOW. DOWN
STATUS
TEAR. DOWN
TWIST

Temporary Attribute Real

ANGLE. FLD

This field attribute carries the origntation
angle in radians measured counterclockwise from
east to the major axis.
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ARBA. FLD

This field attribute carries the area of the
fiild in meters squared.

FS PEED. P AC

This unit attribute gives the entity the
ability to slow down because of obstacle
-ncOUnter.

P5.FLD (Appendix D)

P6.FLD (Appendix D)

P7.FLD (Appendix D)

PS.FLD (Appendix D)

P9.FLD (Appendix D)

P1O.FLD (Appendix D)

P11.FLD (Appendix D)

P12.?LD (Appendix D)

SAM LAJ. FLD

This field attribute is the seai-major axis
length of the elliptical field in meters.

SAMIN. FLD

This field attribute is the semi-minor axis
length of the elliptical field in meters.
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Bri,:f Explanation

The additions are shown as they appear in the code.

Enough of the basic STAR code is given so that the additions

can be quickly added. As mentioned previously, a + sign

immediately after the line number highlights the lines that

have b.en changed. This procedure will be used throughout

the remainder of this appendix to annotate changed basic

STAR code.

CODE

I PREAMBLE
2
12 THE SYSTEM HAS A LE6D(*/14, A LE5D0/4), A DLA(*/4),
13 A NVARY */4) , A ARRAY(*/4), A PHSCORD(*/4),

A BN.AIR.PRI(*/1).
14+ A BNCORD /4) A4) A COCORD (*/I), A RTAB (*/l),

15+ A GRUNTLETHJ*)'4f , LE12(*/4), A LE72(*/4),
A LZ31( /41)

16 A LE61 - A&E81(*/4), A LE83(0/4), A LE11(*/4),ANW/1 11716 /4 )
30+ DEFINE BNCORD, COCORD, TABLE, RTAB, USBG, GRUNTLETH,

DATA. SP POINT.HOLD
31+ AS INTEGER 3-Dfi ARRAYS
32+ DEFINE SOVKG, BINLETH AS INTEGER 4-DIMENSIONAL ARRAYS
101 #0
102 10
103 ' SEVERAL OWNS FOLLOW
104 ''
105 EVERY SQUAD.LEADER OWNS A SQD.UNIT
106 EVERY PLATOON.LEADER HAS A (R4HAT(1-15),R3BAT(16-32)),

A R2HAT (1-15)
107+ RIHAT( 6:32), A ( AT(I-30),GONE(31-32))•

A NXTBET A LT.COID
108 AND OWNS A PLT.UNIT
109 EVERY COMPANY.COMfi&NDZR HAS A P.TO.AREAS,

A (COWT(1-5 CREQST(6-7
110 COXPY (5321 J INS KOPMUIT AND BAY BELONG

TO A BATTLION
111 EVERY BN.CONBANDER HAS A tBNWT(1-5),BNCUR(6-11),

BNLO(12-171 BIGO 1 23
112 BAT 143 i l- 3 9ty OWNS A BATTALION ANDX T BELONG T8 A (BRIGAD
113 EVERY BDE.COBANDER HAS A (BDECUR(1-10),BDELO(11-20),

BDEGO(21-32))
114 OWNS A BRIGADE, IND MAY BELONG TO A DIVISION
115 It
116 DEFINE S1DED,S2DED,S3DED,S4DED,S5DED,S6DED,BV.UNIT,
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CUDEDSiSET S2SRT
117+ S3S T S4SRT S5HET S6hRTfCUSET,PETY,BZDSIN,REDRG,

BL6SIN PiT CON6
4118 RiDED R2DAD R3DED &i4DED,R5DED,RV.UNIT, R6DED,

RUbED R1NIT R2ART
119 RETY R3SfiT R4S&iT,R5SfiT,B6SRT, RUSRT,XCENT,YCENT,

120. R2HAT R1fiAT M0AT GONE NXT.BELT, P.TO.AREAS,COUT,
CRtQST C6a1py. 699T

121 BNCUR, BNL6 BIGO BATT hu QST, BDECUR,BDELO,BDEGO
AS INTE6ER ViRIABLES

122 EVERY DIV.COMNANDER HAS A DIVWT A DIVCUR A DIVLO,
123 A DIVGO A DDIV A DIVREQST, I NO.DIV.rUdIT,
1214 AND OMN A DIVIAION
125
214
215 TEMPORARY ENTITIES
216 11
217 GENERATE LIST ROUTINES
218 EVERY FIELD HIS A NAN.FLD A CFDAY.F,

A PII.FLD A PU .FtDXCLD AYCLD
219. A Ply FLD A TfP.FLD, A AfiGLZ.FLD, A SISAJ.FLD,

i SAAIN.FLD
220+ A AREA FLD A TP!EAx FLD, A P1.FLD, A P2.PLD,

A*P3.fLD A P14.?LD
221. A PS.FLD A F~.LD, A PI.PLD, A P8.FLD, A P9.PLD,

A Pio.FLD
222. A P11.FLD A P12.FLD AND MAY BELONG TO A FLD.SET
223+ DEFINE iC.FLD,YC.PLD,PXX.FLD,PYY.FLD,PXY.FLD,

ANGLE.FLDSAMAJ.FLD
2214+ SAMIN.PLD,AREA.FLD P1 FLD,§2.FLD,P3.FLD,P4.PLD,,P5.FLD,

P6.FLD,P7FLiD*
225+ P8.FLD,P9 FLD P1o.FLbjpPll.FD,P12.FLD AS REAL

VARIBLES
S+ DEFINE TYP.FLD, MNMFLD ~PaMFLD AS INTEGER VARIABLES
27EVERY UNIT HAS A (UAEE(i-1)COOR11-1)

SYS.TYPE(13-16) UPI) 4 YE1723b228 VEH.TPE21-27) ALVS. DEAD (2 TP-29411), DhPNIIh(30-32)),

229 (KHZ.LAST.TEGT (1-24),C.2(25-30)), A ROUND,

230 M.HTA -7D. ITIT( 1 1 1 4 .H 1 5 -1 7 )
NU 4118-2)

231 FIRED. AT (23-27) , kILL (28-28) . F KILL (29- 29) ,
232 ANKILLA3 0 -3 0) KKILL413 '1,~

A T SP A 2~~0 A HIT A (2-3))233 A SEC 1- 0)i,LTli-18 ) CO(19! ),B(24-28),
4FIP(29-30) SC HED(3 1- J2M ET9-12314 A ARGT 41-) MiI.RAT6-8) MNE DE0 91)
MV.STATZ( 12-14k CSS(15:15LLZ

235 B.BLUE.ALIVE(16-11 Bf EID ALI(17-17)f
d.CO5P.UNIT (18-18),

236 5.PLT.UNIT% 19-19)-,N . TANS(20-20),HICTSIBOT(21-23),

237 PROJO (28-3k ~A (COCDR (1-24) ,?H(25-27),
CI 12

238 A (LTLDR (1 -2 t1 )TRY (25-32)) A (CARD (1-14),
AR.COWI-7) NXhT. Cp8-1 4

239 CP.iT i ,1 b POS.POIIT(v 1§,0TE22)

240 FO 9 i3 ij J;D5 (RANGB(1-16),

2141 kP.TOI (26-32 ),iifO 1d(6-3i2)J: A (HE.DRAG (1-8),
A18020i-al

2142 ANI.OR.812138(-20),AB50O3(9-20), AV2.OB. ADIS(21-32) ,
ANN04 1-32)

2143 DIR.OF.8VNT, A RI.DIR, A LST.DIR, A I.CORRENT,
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A Y.CURBENT
2144 A Z.CURRENT, IN.D. A P.D, A NF.D, A TIM.PIRE,

A FOE(1-24
2( C12-30k ,TSK (1-1)),A (POS.IV.PLT.AREA(1-6),

FORNPO5(7-12,
2146 ST ART. AR A ( 13-? L, EN D.AREA (23- 32)).A (Foil( -1),

DIRC.ON. ET (-
2147 R. D. STATUS (3-4, .TO*.1OVZ(5-6) ,GRNDITK(7-8),

2148 N.HD (15-19),N t3A~20:25) N TB (26-32))~ A LD. Mo
2149+ A (UNIT. BELT(1-1 ),FLD.iKi(1 -16), R~L(17-i5),

N.AEN (26-32)
250+ A (PA 1-8) ARW!HITS(91) L.OI(92)

TB U P. N6 265-32) 91) L.FR(92
251+ A (PLOW.COND 1-), h6LD.FORN(9-19),

BLADE. CONI( 02- 2))
252+ A ?SPEED.PAC, A P .BOD!.INC&P ,A P.HD.INCAP,
253 A P.TH IiCAP A P.ARN.IMCAP, A P.AB.INC&P,

A P:PLE.IikP
254 A PLD.INT.DIST, i PLD.BD!.DIST
255 A POP UP TINE I USED FOR CUhING OUT OF

FOXHOLE AFIER ?A IMPACT
256 AN PNTAlKIK IST it FOR COMBO
257 A (PROLE 1-2kLME8L 3d3-5) 10.035 46-8) ,RDRON (9-9)

258 RADA(12-121,PcP.UP('13-13) ASE( 1I20) ,LSS (21-21),
LSD (22-2216 NODE (2325)

259 LSRON(26-2 ),CG. 1fNO (27-32) frA (CUBS.SORTIE(1-2(4),
CP. FINAL (25-32)

260 AM (ORB.RTI-24)PHSE(2t-30),tDit.PAINT(31-32)),
A Z ANGLk

261 A (BURST.SIZE(l- ) N.BURSTS 5-81,IELOAD.CT(9-19),
DET.SEC (20 20) DET.PLTJ21

262 SEL. SECI22-22) SEL .PL1123-2331, SN B6 (214-21)
263 A GUIDE.7 AN~ A. HE, A (PASSOF(I-24),

NO. FIRE (25-25)1
2614 AND iAY BEILONG TO A TANKS A BLUE.ALIVE,

A RED.ALIVE, A C0 EP.UNivi,
3 65 A PLT.UNIT AND A SQD.UNIT

66 
1'87 IHBTLIST ROUTINES
8 EINE NANE COLOR,S!S.T!PE,UPN.T!PE,VEH.TYPE,

ALIVE DEAD, DEI lfE
269 KRZ.LAST.TRGT C.2 R6UND, ND.HItT,X.HIT,F.HIT,

270M HIBD.T hK HfTtKifI
270F.HIE T NEL H IL ALILL,KKILL, SECLDR,CBAR,

SEC PLT. CO 9MPIP'
271 SCHED AGT. HI.AAT'NINI.DET AV.STATE,CSS,

a.RhLULLIE,. RD.IME
272. H.COAP.UNIT 8. PLT .UNIT,3. TAfiKS,HITSHOT,NISSSHOT,

PROJO,PLbU COlD
273. COCDR PH CR? 'LTLf.3,T3F, CARB,R.CON,NIZT.ffCP,

CP.NNIT WhiAT *BELT
2714 POS.POINT ROUT~E1. RO 6TE,FORNAC ODE, RAUGE,&RIA,

V REA IP TOW AfifOl
275 HE.D A? jaN02 &tii OR hSL3,AN1I03,A2.R.AD~eA1104,

?OR,&1,TS&IED
276 POS.IN.PLT. AREA,iORBPOS,START.ABtEA,END.ARIA,FOE,

DIEC. ON. IT
277. FLD.FOEN TBU6. N Of, BLADE. COND, HOLD. FORM AS INTEGER

VARIAALIS

9 IFNR INTEGER VARIABLES FOR UNITS
280 DEFINE FLD.10 PLD.&KTN.ARBI,1.TH,1.HD,N.ABNV.PLI,

FIR BODE GRIDATK
281 SCE.TO.8OVE S6DVEH Aub R.D.STATUS AS INTEGER

VARIABill



282

283 ''INFANTRY REAL VARIABLES
284 DEFINE FLD.BDY. DIST,FLD.INT.DIST,P.BODY.INCAP,

P.HD.INCAP P TH. INCAP.
285 P.AB.INCAP,P.Ah. INCiP oPLE. INCAP, H.IN,TH.IN,

AB IN,PLE.IN AR.IN,
2864 FSPEED.FAC AND TIh.IN AS REAL VARIABLES
462 Of
4634 '' ENGINEER EVENTS
464+ ''
465 EVERY QUIK.NOVE HAS A NUN.POINTER, A REP.NUMBER, AND

A INT.TINE
466+ EVERY STAND.TO HAS A BAGGED.BOY
467+ EVERY HALT HAS A SLOW. DOlN
468+ EVERY TURN.AROUND HAS A TWIST
469+ EVERY DIVERT HAS A SIDE.STEPPER, A BYPASS AND A HOME
4704 EVERY WALL.BREACH HAS A RANKER AND A TEAR. DOWN
471+ EVERY DITCH.KILL HAS A GULLY.CIT
472+ EVERY HEAVY.JUNK HAS A STATUS
473+ EVERY GAP.BREACH HAS A BREACHER AND A HOLE
474+ EVERY GAP.JOCK HAS A SABOT.SHOOTER
475+ DEFINE NUM.POINTER REP. NUMBER BAGGED.BOY, SLOW.DO9N,
476+ TWIST, SIDE.STEPPhR, BYPASS, &ORE, RANKER, GULL!.CAT,

STATUS
477+ BREACHER HOLE TEAR.DOWN, SABOT.SHOOTER AS INTEGER

VMAIABLES
478+ DEFINE INT.TIE AS A REAL VARIABLE
479 'S
7144 to

745+ 0, ENGINEER ARRAYS
746 't

747+ DEFINE FLD.POINTER AS A 1-DIMENSIONAL INTEGER ARRAY
748+ DEFINE TRAF.CONTROL AS A 3-DIMENSIONAL, REAL ARRAY
749 O'
835 END "'OF THE PREAMBLE"

2. Routine BL.CaI&I

Purpose

Routine BL.CREATE is used to create temporary tank

entities at designated tines throughout the execution of the

program. The routine is called during the execution of

Event BLU.FORCES.
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No dif ications

The following four attributes must be assigned

values from the input data or as a result of the routine.

Temporary Attributes Integer

BLADE.COND
HOLD. FORS
PLOW. COND

Temporary Attribute Real

FSPEED. FAC

Brief Explanation

Line 15 PLOW.COND and BLAD.COND are assigned the

values of O-no or -attached.

Line 18 FSPEED.FAC is initialized to 1.0. No

effect unless in field.

Line 19 HOLD.FORN is initialized to 999. This

value changes only when the entity is

using lateral movement. When movement is

terminated, this 999 value is set back on

HOLD.FORH for the entity. It serves as a

flag to determine appropriate actions.

To change this initial value has

unpredictable consequences.
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CODE

I ROOTINE BL.CREATE(,B.5V)
11 CREATS A TANK
12 LET PI.HAT(TANK)=I
13 READ NkBE(TANK), SS. TYPE(TANK) ,WPN.TYPB(TANK),

SECiTANK PLT TANK) CO TANK
14 BN (TANK), DSDVE (TAI).P TLDR (f ANK) CO6R (TANK),STkRT. AR A (TAN K)
15+ ALIVE.DEAD(TaNK) ,IR.BODEZ(ANK) ,PLOI.COND(TANK),BLi. ON.,TANK)
1 CALL ,LD.DIST(TANK)
1 LET PLD.INT. DIST (TAN K) RINF.C
18+ LET FSPEED.FAC(TANK)=1.0
19+ LET HOLD. FORK(TANK)a-999
20 IF CO(TANK) GT COS LET COSOCO (TANK) ALWAYS
85 RETURN END

3. joglne ROV

Purpose

Routine 1OrE is called from routine LOC to update

the location of any entity to the current time of the

simulation.

modifications

The following entity attribute has been added to the

NOVE routine logic. This addition now gives the user the

ability to change formations as a result of encountering an

obstacle field. The capability to offset around a dead

vehicle is now a reality.

Temporary Attribute Integer

FLD. FORE
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Brief Explanation

Lines 118, 160-165, and 195-200

kllow the FLD.FORA attribute the ability to

override the normal formation procedure.

CODE

I ROUTINE TO MOVE GIVEN VEH
78 'NEW.MCP'
82 LET MCP = NEXT.ACP{(VII LET 98 a ACP * 3
83 IF UCP EQUALS 0 'rOVE TO POSITION IN END.AREA
84 IF POS.IN.PLT.AREA(VEH) EQUALS 0, CALL

BEST. POS (VEH)
85 ALWAYS
86 LET I PLT(VI8) LET K

F J POS.IN.PLT .AREA(VE) * 3
87 FOR J 1 I TO DIA.F(POSITION°I j*)) WITHPOSITION IJI) EQUAL88 SID. AREA(VEH)89 DO

90 LET .DEST = POSITION liJ.K-1)
91 LET Y.DEST a POSITION(I J K4
92 LET DIE - POSITIONl,
96 LOOP
97 LET D.TO.MCP a SQRT.Fj(Z.DZST

9 .CURENT VEHJ*298 4Y.DZST-4oCU1ENT VEH) C*2ji~iIF D. OofiCP LESS THAN Z-ROo. EE102 I
103 LET RV.STATE(VEH) w 4

LIT DIR.OF.NVRT (VuHlk DIR18 I.Dr (Vui -
106 LET SPD(VE) - 0.
107 LET FINAL a 1
111 GO TO NEU.INCR
112 ELSE
116 GO TO DIRN.COEP
117 ELSE
118 IF PORRACODE(VEH) = 0 AND PLD.PORi (VER) 0

''GO DIRECTLY TO NEXT ECP
IN LET Y.DZST RT.DAT& RTNN-
1I2 LET 1.DEST a ETE.D TAjRT Nfi-1)
124 LET D.TO.HCP - SQRT.? (X.DEST-X.CURRENT(VEH))**2

115(Y.DST-Y.CUNN ET(TBRJ)**2)1 0 GO TO DIEN.COMP
I ELSE ''NO ALONG ROUTE OFFSET BY FORMATION

146 IF MCP EQUALS K/3 AND D.ON.RT EQUALS 1
147 LET IX - RTE. DAT A(T,K-5)
1418 LET BT - RT. DATA RT,K )-4
149 LET LZ - RTE.DATA (RTK-2
10 LET LT a RT.LDATA 2TK-1)

S ELSE LET I a RTE.DATA(lT,&-3)
GO TO INTERIND

11 ALWAY S
ALWAYS

LET NLX - NZ-LI LIT iLY • * -LY
160. IF FLD.PORENI (V) I 0
161+ LET a I LD. FORA(VER)
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' 62+ ELSE
163+ IF I EQUALS O LET I FORNACODE(VEH)
164+ ALWAYS
165+ ALWAYS
166 LET J = FORNPOS(1EHj 0 2
167 LET X.OFF = FOR.0FFSET (,J-1)
168 LET 1.OFF = FORN.OFFSETJIJ)
169 LET THETA = AECTAN.F(NbLNLX)
170 LET CTH = COS.F(THETA)
171 LET STH = SIN. FITHETA)
189 LET NLI = NX -LX LET ILY = NY LY
190 LET ALPH =- ((CX-NX)NLZ + (CY-SY)*NLY) /

(NLI*Ll + NLY*NLY)
= ~1 :LP *P L*(1192 LET PY = ALPH * LY (1. ALPH) * NY

193 LET NPZ= NI - PX LET 1P 2 m- PY
194 LET I = RTE.DATA(RT,lNN+3*(D.O.RT-1))
195+ IF FLD.FOR(VEH) NE 0
196+ LET I a LD. FORM(VE)
197+ ELSE
198+ IF I EQUALS 0, LET I = FORNACODE(VEH)
199+ ALWAYS
200+ ALWAYS
I LET J U FORNPOS(VEH)* 2
82 LET 1.0FF - FO3M.OFFSET (,-1)203 LET Y.OFF = FORa.OFFSET(I,J)

204 LET CHG.INT=FOR.CHG.INTI1
205 LET D.TO.NCP = SQRT.F(NP UNPI + NPY*NPY)
206 IF D.TO.NCP LESS THAN ZERO.LEVEL

GO TO MCP.REACHED
363 END

Purpose

Routine BOVE.LIBITS is called from routine NOTE to

determine a vehicless maximum speed, acceleration rate, and

deceleration rate. These parameters are a function of the

weapon type, the system type, the slope of the terrain and

the dismounted tactical situation.

Bodif ications

The routine now returns speed limits that are also a

function of an obstacle encounter speed degradation.
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Teuporary Attribute Real

FSPEED.FAC

Brief Explanation

Line 18 The effect (degraded speed) of FSPEED.FAC

has been introduced here. FSPEED.FAC may

have any value between 0 and 1.

CODE

I ROUTINE MOVE.LIMITS GIVEN VEH,SLOPE YIELDING SPEED,
ACCEL DECEL

2 M KOVE. LIITS LOOKS UP LIMITING SPEED AND
ACCELERATION VALUES BASED ON

3 ' SYSTEM TYPE, WEAPON TYPE, AND TERRAIN SLOPE
12 IF SLOPE LE LIB.SPDS(SYS UPU,2)
13 LET OFFSET = 2 to 69Oi SLOPE
14 ELSE
15 LET OFFSET = 1 It LEVEL
16 ALWAYS
17 ALWAYS
18+ LET SPEED = LIE. SPDS(STS,UPN,3.OFFSET) SFSPED.F&C(VIB)
19 LET ACCEL = IlSPDS(STS,WPN,6+OFFSETJ
20 LET DECEL - LIM.SPDS (SYS,UPN,9+OFFSET)
36 END

5. RoutineBZ..EZkfl

Purpose

This routine serves the same purpose as does

BL. CREATE except it acts for the Red (opposing) force.

force.

odifications

The following four attributes must be initialixad-
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Temporary Attributes Integer

BLADE.COND
HOLD. FORE
PLOW.COND

Temporary Attribute Real

FSPEED. FPC

CODE

1 ROUTINE RED.CREATE(AB,11V)
11 CREATE A TANK
12 READ NAME (TANK), SYS.TYPE(TANK), VPN.TYPE(TANK)

SEC (TANK), PLT (TANK),CO (TANK,
13 BN (TANK rSQDVER TANK ,PLTLDR (TANK), COCDR (TANK),

STAT.AREA TANK
14+ &LIVE.DEAD (TANK) FIR. AODB (TANK) PLON.COND (TANK),

BLADE. CONDJ11AK)15 CALLM FL IST(TANK)
16 LET FLD.INT.DIST(TANK)=RIMF.C
17+ LET FSPEED.PAC(TANK)=1.0
18. LET HOLD.FOR (TANK 999
19 IF BN(TANK) GT RBS LET RBNS-BN(TkK) ALMTS
83 RETURN E D

6. Rotie lj

Purpose

Routine RES2 allocates space for n-dimensional

arrays. This routine is called from the NAIN routine.

modifications

The following two arrays have been added to the

simulation:
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Permanent Attributes Integer

GRUNTLETH (3-D) Integer

This 3-Dimensional array contains the BRL
casualty data for anti-personnel mines.

HINLETH (4-D) Integer

This '4-Diensional array contains the BRL
casualty data for anti-tank mines.

CODE

I ROUTINE RES2
3+ RESERVE MINLETH AS 5 BY 8 BY 2 BY 4
4+ RESERVE GRUNTLETH AS 4 BY 2 BY 35

55 RETURN END

7. R niBS

Purpose

Routine RES5 is called from routine MAIN. This

routine reads in data.

modifications
/

The following arrays have their data read in.

Permanent Attributes Integer

GIUNTLETH 13:D

CODE

1 ROUTINE BESS

2 DEVINE 1,J,KL,B AS INTEGER VARIABLES

(
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3 USE UNIT 8 FOR INPUT
4 IF DLA(8 NE 0
5 FOR I = 1 TO 2 FOR J = I TO 2 FOR K = 1 TO 10
6 READ ADDON(I,J,K)
7 ALWAYS
8 FOR I = 1 TO 2 FOR J =1 TO 4 EAD DGNV(IJ
9+ FOR 1= iTO 5FOBJ= 1TO8FORK= 1 AO2

FOR L = 1 TO 4
10+ READ HI.LETH(I,J K,L)
11+ FOR I a 1 TO 4 FOR 3 = 1 TO 2 FOR K = 1 TO 35
12+ READ GRUNTLETH(I,J,K)
18 RETURN END

Purpose

Event TARGET.SELECT is called from events DETECT,

FIRE, IMPACT, and from itself. This routine selects the

highest priority target from an entity's target list for

servicing. Selection is based on target range and

ammunition availability.

Modifications

This routine has been modified in order to stop a

tank from selecting targets and subsequently firing at

targets while it is engaged in the following circumstances:

Pushing a dead plow tank through a sinefield.

Breaching a gap obstacle with its dozer blade.

Self breaching a gap obstacle.

The following attributes have been added:
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Temporary Attribute Integer

BLADE. COND

This unit attribute gives the tank the ability
to have a dozer blade characteristic.

0-No blade available.
1-Blade available but not in use.
2-Blade being used or vehicle is self
breaching.

PLOW.COND

This unit attribute gives the tank the ability
to have a uine plow characteristic.

0-no plow available
1-plow available but not in use2- 1o beg. usipd
3-eadw v e le in offset
4-tank that is pushing dead plow tank

TSKED

This attribute serves as a flag to stop further
target select%.

Brief Explanation
Lines 20-23 Stops the pushing tank from firing.

Lines 24-27 Stops vehicle that, is breaching a gap

from firing.

CODE

2 UPON TARGET.SELECT(k)
16 1?P IP( a 1
17 RETURN LSE

IF SC8ZD 1t 1
RETURN E

20. I PLOW.COND(A) a 4
1+ LET TSKiD'l) a I
U SCHEDULE A TARGET.SLBCT(,) 11 15 UNITS2*RETURN ELSE

21+ IF BLADS.COND(A) a 2
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25+ LET TSKED 1
26+ SCHEDULE A TARGET.SELECT(A) IN 15 UNITS
27+ RETURN ELSE
28 LET FOE(A)0
29 CALL PURG.LIST (A)
50 RETURN END

9. Routine FLD.ACT

Purpose

Routine FLD.ACT is called from the MOVE routine.

This routine sorts out what field actions to perform

next. (For a more detailed explanation see ref 3)

Modif ications

The following routines are now called from routine

FLD. ACT:

GAP. DECISION
GAP. ENTRY
GAP. INTERNAL
GAP.LEAVE
8F. DECISION
IF. ENTRY
F.EXIT

RF. INTERNAL

These routines are discussed in Appendix C. In order

for the appropriate routines to be called the following

entity attributes have to be used:

Temporary Attribute Integer

FLD.AKT - Code describn the kind of action
for pending tnernal actions.

FLD.IO - Name of the field involved in any
pending internal action.
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TPNAM.FLD- Field temporary pointer number.

TYP.FLD - Field type code

1 - A mandatory dismount field
2 - A minefield
3 - A minefield decision field
4 - A tank ditch
5 - A road crater
6 - A blown bridge (short-wet gap)
7 - A gap decision field

Brief Explanation

All the additions are self explanatory it the code.

They call one of the appropriate routines mentioned above.

Lines 74-78 This change re-initializes attributes

that wero changed- in routine FLD.ACT.

It only takes place upon an entities

departure frcu a particular type field

(one where its FLD.NO was set to the

field pointer number).

CODE

2 ROUTINE FLD.ACT(VEH) 'SORTS OUT WHICH FIELD
ACTIONS TO PERFORM

5 IF FLD.INT.DIST(VEH) LE 0.0
6 PRINT 1 LINE WITH NAME(VE),X.CURRENT(VEH) ,

Y.CURRENT VE) E.
7 IAN.FLD(FL .NO( EH.TIE. AS FOLLOWS

FLD INT ACT EH=**** LOCI = ***l-I ** *,,I FIELD =
TIME=8 It

9 9t HERE WE CALL ROUTINES TO PERFORM INTERNAL
ACTIONS

10 to
11+ IF FLD.AKT(VE!) = 2
12+ CALL HF.INTERNAL(VEH)
13+ ALWAYS
114+ IF FLD.AKT(V)Hk 4 OR FLD.AKT(VEH) = 5 ORF D A TJVEH) - 6
15 CALL GAP.IITE NAL GIVEN VEH
16+ ALWAYS
17 ALWAYS

1
4
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18 IF FLD.BDY.DIST(VEHbLE 0.0
19 LET DX = CO F(DR.OF. MVHT(VEH)

39 IF Si LE 0.0 AND Sl GE -2.0
40 PRINT 1 LINE WITH NAMEVEH) ,XCURYCUR,

NA•.FLD (FIELD),
41 TIME.V AS FOLLOWS
FIELD ENTRY VEH=*** LOCN = ***** **'*** FIELD =

TIME -
42
43 ' HERE WE CALL ROUTINES TO PERFORM FIELD ENTRY

BOUNDARY ACTIONS44 'It
45 IF COLOR (VEH)=0 AND WPN.TYPE(VEH)=8 AND

TYP. FLD(FIELD)=
46 CALL. DISMOUNT (VE ,3)
47 ALWAYS
48+ IF TYP.FLD (FIELD) ;2
49+ CALL MF.ENTRY GIVEN VEH, FIELD
50+ ALWAYS
51+ IF TYP.FLD(FIELD) = 3
52+ CALL MF.DECISION (VEH,FIELD)
53+ ALWAYS
54+ IF TYP.FLD(FIELD) = 4 OR TYP.FLD(FIELD) = 5 OR

TYP. FLD(FIELD) = 6
55+ CALL GAP. ENTRY (V EH,FIELD)
56+ ALWAYS
57+ IF TYP.FLD(FIELD) = 7
58+ CALL GAP.DECISION(VEH,FIELD)
59 ALWAYS
60 ALWAYS
61 IF S2 LE 0.0 AND S2 GE -2.0
62 PRINT 1 LINE WITH NAME(YEH),XCURYCUR,

NAN. FLD (FIELD),
63 TINE.V AS FOLLOWS
FIELD EXIT YEN = ***e LOCN = *-**** ****** FIELD =***

TIME = ***,

65 :: HERE WE CALL ROUTINES TO PERFORM FIELD EXIT
BOUNDARY ACTIONS

66 ''
67+ IF FLD.AKT(VEH) = 2
68+ CALL 11.3 ZIT GIVEN YEN
69+ ALWAYS
70+ IF FLD.AXT(VEH) = 4 OR FLD.AKT(VEH) = 5OR FLD. AKT(VEH) = 6
71+ CALL GAP.LEAVE IVE VEH
72+ ALWAYS73 tO
7 +5 IF TPNAM.FLD(FIELD) EQ FLD.NO(VEH)

LET FLD.INT. DIS(VH = RINF.C
76+ LET PLD.NOiVE) = 0
77+ LET FLD.AKT(VE- 0
78+ ALWAYS
79 ALWAYS
s0 ''ENDIF
81 LOOP
Si ALWAYS
8 CALL FLD.DIST(VEH)

84 RETURN
85 END
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4Purpose

Routine FLD.CBEATE creates the field entities. rhis

routine is called from the PLD.INIT routine before the start

of the battle.

modif icat ions

Additional field attributes have been added and they

needed to be initialized. Several arguments are sent to

this routine. Instead of defining them, the attributes that

receive their values will be discussed.

Given Arguments (Real)

ANGLE
P5
P6
P7
P8
P9PIO
P11
P12
SAW £SANSIN

Global Variable Integer

FLD.POINTER (I-D)

Contains the pointer values of all the fields.

Temporary Attribute Integer

TPNAB.FLD- Field temporary pointer number

1
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Temporary Attributes Real

ANGLE.FLD - Pro er angle in ;adians from
east to major axis.

AREA.FLD - Area of this elliptical field

P5.FLD - Field parameter (Appendix D)

P6.FLD - Field parameter (Appendix D)

P7.FLD - Field parameter (Appendix D)

P8.FLD - Field parameter (Appendix D)

P9.FLD - Field parameter (Appendix D)

P10.FLD - Field parameter (Appendix D)

P11.FLD - Field parameter (Appendix D)

P12.FLD - Field parameter (Appendix D)

SAMAJ.FLD - Semi-major axis length

SANIW.FLD - semi-minor axis length

CODE

I ROUTINE FLD.CREATE
'CREATE ONE FIBLD AND SET ITS ATRIBUTES

* GIVEN XC YC SAki SIHNG3LITYP P2P3.PI,PS,. P96#I PeD P9,PIO.
14 P11 P12 YILDiG NANE
5 NORMLLY MODE IS REAL
6 DEFINE TYPE NAE FIELD AS INTEGER VARIABLES
7 CREATE A FIELD
8 LET XC.PLD(FIELD) = IC
9 LET YC. FLD(FIELD- YC
10 LET TYP. LD(FIELD) = TYPE
11+ LET ANGLE.FL-D(FIELD) - ANGLE
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12+ LET SAMAJ.FLD; I ELD) = SAEAAJ
13+ LET SAIIN.FLD FIELD) = SARI
14+ LET AREA.FLD(i = SAEAJ SAIN*PI. C
15+ LET TPNA.FLD )IELD) = FIELD
16 LET P1. P1
17 LET P2.FLD FIELD = P2
18 LET P3.FLD FIELD = P3
19 LET P4.FLD FIELD = P4
20+ LET P5.PLD FIELD = P5
21+ LET P6. FLD FIELD = P6
22+ LET P7.FLD FIELD P7
23+ LET P8.FLD FIELD = P8
24+ LET P9.FLD FIELD= P9
25+ LET P1OoFLI L)) = P1O
26+ LET P11.D F EL IE P11

T D P12.FLD FIEL P12
3 D TO FLIS-CR TED

34 LET NAI. FLD (FIELD) =FLDS.CREATED
35+ LET FLD.POINTER(NAI.FLD(FIELD)) - FIELD
36 LET SAME = FLDS.CREATED
37 LET SANG = SIN.F ANGLE)
38 LET CANG = COS.F ANGLE)
39 LET PXX.FLD(FIELI W (CANG/SAKAJ)**2 +

40 LET HY.FLD(FIEID) = (SANG/SARAJ)**2 +
1 CANG/SA IN) *2

41 LET Y.FLD(ELD 2*SAUG*CANG*(I/SAKAJ**2-
1/SAIN **2)

42 FILE THIS FIELD IN THE FLD.SET
43 RETURN
44 END

Purpose

Routine FLD.INIT is called once by MAIN before the

start of the simulation. It reads the input describing the

fields to be created and it calls FLD.CREATE for each such

field.

Modifications

The following field attributes have been added to

greater enhance the capabilities of an obstacle field. For

definitions and input values see Appendix D.
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Recursive Variables Real

P5
P6
P7
P8
P1g
P I
P12

Global Variables

FLD. POINTER (l-D) INTEGER

This 1-Dimensional array contain* the pointer
values of all the fields. In this routine the
space for array is reserved.

TRAF. CONTROL (3-D) Real (Appendix a

In this routine the space for this
3-Dimensional array is reserved.

Recursive Variables Integer (Appendix D)

0 * NUN

The number of obstacle fields. It is used to
dimension the 3-Dimensional array TRAF.CONTBOL.

RT.OB. NUH

The number routes going through the
obstacles. This input variable also dimensions
TRAF.CONTROL.

CODE

1 ROUTINE FLD.INIT
2 ''CREATE ALL FIELDS THAT ARE IN PLACE AT THE START

OF THE BATTLE
3 NORNALLY NODE IS REAL4 _ _ _ _ 1831



4 DEFINE TYPE, MUS, OB.NUM, RT.OB.NUM, I, NAME AS
INTEGER VARIABLES

5 USE UNIT 5 FOR INPUT
6+ READ NUN OB NU RT 0B.NUM
7+ RESERVE fLD.POINTER (ij AS NUN
8+ RESERVE TRAF.CONTROL(W*,V*) AS OB.NUM BY

RT.OB.NUM BY 5
9 FOR I = 1 TO NUN DO

10+ READ XC YC SAMAJ SAMIN,ANGLE,TYPE,P1,P2,P3,
P4 P P6 P711+ PS,P9.O, i112

12 LET ANGLE = ANGLE/RADIAN.C
13+ CALL FLD.CREATE GIVEN XC YC SARAJSARIN,

ANGLE TYPE Pi P2 P3 4
14+ P5,P6,PT,P8,P,10,Pli, Pi1 fIELDING NAE
15 LOOP
16 RETURN
17 END

12. j iUne BSIq .LOAP

Purpose

This routine is used to initialize the ammunition

basic load levels for all elements.

modifications

Subscripted labels for the two new vehicle launched

bridges had to be added. These additions only serve as exit

labels out of this routine.

CODE

I ROUTINE BASIC.LOAD(IVDEFINE A S. AS INTEGER VARIABLES

LET S = SYh.TYPE(A) LET W = UPN.TYPE(A)
4 LET A1101 A PJO.CR (S, ,1 415 LET £5502 (A) = PJO.CHAR (5,3,2,4)
6 LET 18503(A = PJO.CHAR (S,,3,4)
7 LET a5O41A) = PJO.CHARS,3,4,14)
8 GO TO SYSTE S)19 SYSTH(I I GO ,vTANKX(VPNoTYPE(A))

20 'TANK (1)1
21 LET C.1(A) a 16 LET C.2(A) a 6 LET R.CON(A) 1 1GO OUT
22 'TANKXI2) ' LET C.I(A)=CAPDS LET C.2(A)=CHEIT

LET aP. TOW(A =ISEAP
23 LET HE.DRAG AC cAEHE LET ANI.0R.SSL3(A)=I0
24 LET FON(A)}= LET VEH.TYPE(A)=1 LET B. CO (A)=i
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25 RETURN3 7~+ 'TANKX (5)
28 'TANKX (7 1
29 GO UT
36 'OUT'

38 RE END



KMAUtiS ARlP EVENTS FOR Ml Man&AIIUk Ij1.1U

This appendix contains the complete documentation for

the Engineer Effects Module for the STAR Combat ,ode..

Purpose

Routine ?OP.A.HINE determines if an entity is within

the casualty producing radius of a mine or if the entity has

run over a mine. This routine is called from routine
/

MP. INTERNAL.

Given Arguments Integer

TNK- Pointer to the element being moved.

Global Variable Alpha

DAM.ARRAY (1-D)

Contains the possible values for hit.state.

1 NDAM
2 MDAL
3 HDAM
14 FDE
5 DEAD
6 miss

Global Variable Integer

DAEAGE.IU

Indicates the damage status of an entity after
having a round impact on or near it.
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1 hit but already af killedmg ility da age
firepower da ge
mobilitj aid f. power damage5 catastrophic ±

6 miss

DEAD. ATKE

Tallies the number of red casualties.

KILLED .MOUNTED

Indicates whether the entity in question was
killed while mounted on his vehicle or while
dismounted.

ONDISK

Indicates whether or not the user desires the
shot list and f±nal attribute list to user
specified disk es

0 no, paper output only
1 yes

YES

Indicates a value of 1. It is used in
conditional statements.

Global Variable Real

TARDIN (3-D)

Contains the target dimensions of all entity
types in the simulation. This is indexed by
SYS.TYPE and PN.TIPZ of the element.

Recursive Variable Integer

DET. LOC

Is the location of the mine detonation in
relation to the entity. For anti-personnel
fray mm es this variable contains the range the
entity s from mine detonation. For anti-tank
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mines this variable specifies the location of
mine detonation on the vehicle.

1 Track hit
2 belly hit

EV EN. B EL T

Contains the even mine belt number closest to
the a~cua. mine belt to be encountered.. This
variable is necessary in order to aetermine how
the mines are actually configured on the actual
mine belt.

EVEN. N.L.S

Stands for the even number on the left side of
the vehicle. This variable helps p.n-point the
actua; mine 4.ocations in relation to the
entities position on the mine belt.

FLD- Pointer to the field in question.

HALF. BELT

Contains the truncated Integer value when the
nm~r. of the njet gncountered mine belt s
Ivided by 2. This is anot er varble in the
sequence used to determine the odd or even
numbered representat on of belts and mine.

HALF.N.L.S

Contains 'the truncated integer value that
results when the integer number(possible mine
1ocation) on the left side of the vehicle isdivided by two.

I - Index of a do loop.

J - Subtracts one from the I index.

LEG

Pointer to an element in the platoon of the
activating entity (dismounted infantryman).

; lee
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NUM.LEFT.SIDE

*Is the integer location of the left side of the
vehicle from the tangent line on the ellipse
boundary perpendicular to the semi-major axis.

NUT

Integer mine location under the vehicle/tank.

NXBELT

This local variable receives the value of the
entity attribute WHAT.BELT.

WHOCALLED

A flag used by several routines to determine
appropriate actions and executions.

Recursive Variable Real

ANGLE

Set to the direction of movement of the entity.

DRAW

Contains the value of a random number from a
Uniform (0,1) distribution.

DTOB

Is the distance from the center of a vehicle to
the tanient line on the ellipse boundary
perpendicular to the semi-major axis.

FKILL

The probability of at least a firepower kill.
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EMKILL

4 The probability of at least a mobility kill.

EMNFKILL

The union of EMKILL and EMKILL.

KAYKILL

The probability of a catastrophic kill.

SIGA

Contains the value of the difference between
the 33ient tion angle of the field hllipse and
the irection of movement of the veh cle.

THETA

Receives the value of the field attribute
ANGLB.FLD.

VEH.WIDTH

The width of the vehicle in question.

V9

The vehicle width adjusted for SIGMA that
crosses the mine belt.

X. PRINE

The X coordinate location of the entity rotated
about orientation angle of the field ellipse.

ININE

The X coordinate location of the Anti-personnel
frag mine.
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YMINE

The Y coordinate location of the Anti-personnel
frag mine.

Routines called

ATRIT

A routine which assesses the attrition against
a Tarq et which has been hit. It checks for a
catastrophic kill, increments mobility and
fiepower d amage, and checks the FKILL, IKILL,
and FKILL levels.

FIND.A.HINE (this appendix)

PROB.AINE (this appendix)

Sets Used

PLT.UNIT (1-D)

This set is owned by the permanent entity
PLATOON LEADER It contai~s the list of
temporary entitles owned by this platoon.

Temporary Attribute Alpna

HIT.STATE

An alpha variable indicating whether or not an
element is alive or dead.

Temporary Attribute Integer

ALIVE.DEAD

Indicates whether the entity is alive or dead.

0 alive
1 dead
2 alive mounted in carrier.
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PLOW. CON D

This unit attribute gives the tank the ability
to have a mine plow characteristic.

COLOR

Indicates the color of the element.

0 red (attacker)
I blue (defender)

DEFNUN

The current position or activity of an element.

I full defilade
2 turret defilade
3 fing de filade
S half vehicle defilade
5 moving (dqfilade determined by

the Terrain model)
6 reached final area in movement

FIRRD.AT

Indicates the total number of rounds fired at a
entity.

FKILL

Indicates whether an entity has sustained a
firepower kill.

0 no1 yes

FLD.NO

The vehicle attribute that Contains the name of
the field involved in any pending internal
action.

K. HIT

Indicates the number of hits sustained by an
en-ity which were sufficient to cause a
catastrophic kill.
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KKILL

S Indicates whether an entity has sustained acatastrophic kill.

0 no
1 yes

NFKILL

Indicates whether an entity has sustained a
simultaneous mobility and firepower kill.

0 no
1 yes

BK ILL

Indicates whether an entity has sustained a
mobility kill.

0 no
1 yes

( The element number of the entity.

S0H.IT

Indicates the total number of hits sustained by
an entity. This includes no damage hits.

PLT

The number of the platoon to which the entity
belongs.

SYS.TYP2

This represeuts the general class of the system
of the entity.

1 Tanks
2 mdQUted in atry
4 a '!l~ey
3 d e "try

bunker
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8 conmomw/acq/intelS9 other

WHAT. BELT

This entit attribute keeps the updated belt
number that is to be encountered next.

WPI. TYPE

Describes the specific system vithln the system
code. for exam pie sys.te type 1 s a taf and
ealon type four for this system indicates an

Temporary Attribute Real

ANGLE IFLD

orientation angle in radians measured
counterclockwise frQm east to the major axis
of the e.l. ptical field.

( DIR. OF. IVIT

Indicates the entit ss direction of movement
measured in radians from east.

7. D

Indicates the accumulated percentage of
firepower damage sustained by the entity.

R.D

Indicates the accumulated percentage of
mobility damage sustained by the entity.

P3 .ILD

Bine Type (1-11)

1 50 Sad-empaced Anti-tank ine
1"317 Scatterable Anti-tank ine

an tenpaced Anti- tank mine
C 194
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4 H15 gand-eaplaced Anti-tank mine
5 119 Hand-emplaced Ant -tank mine
6 B14 Anti personnel blast mine
7 1125 Ant -personnel $ ast pine
8 16 Anti-personnel.zag mine
9 LDLE Anti-personnel frag nine
10 874 Anti- fsonnel fra nine
11 claymore fnti-personnel frag mine

PE.FLD (Appendix D)

SAAJ.FLD

The semi-major axis length of the elliptical
field.

SPD

The entitys speed at the end of the most
recent movement update.

X. CURRENT

The X-coordinate for the entity as of the last
movement update.

XC.FLD

The X-coordinate of the center of an elliptical
field.

I. CURRENT

The K-coordinate for the entity as of the last
movement update.

4

Z. CURRENT

, The elevation for the entity as of the last
movement update.
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Brief Description

Lines 8-11 Determines if the mine or mine belt

was detected and avoided.

Lines 12-42 Subjects dismounted infantry to the

effects of anti-personnel mines if

applicable.

Lines 14-17 Subjects dismounted infantry to the

effects of Anti-personnel blast

mines.

Lines 18-41 Subjects dismounted infantry to the

effects of Anti-personnel frag nines.

Lines 43-103 Subjects vehicles to the effects of

scatterable and belted/patterned

anti-tank nines.

Lines 43-54 Subjects vehicles to the effects of

scatterable Anti-tank mines. The

detonation location under the vehicle

is also determined.

Lines 55-102 Subjects the vehicle to the effects

of a belt of mines. A vehicle may

receive nore than one hit at a time.

The ezact detonation location under a
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vehicle is determined because the

mines are explicitly played.

Lines 105-128 Updates the killer-victim score board

and it prints out a shot/mine record.

CODE

1 ROUTINE POP.IIN 1. 1GVEN TNE
2 DEINETEEDETLOCWHOCILLRDvFLD VNSLZFT.SIDE,

HALF BUET TiEL STIN.BE1.f HAL.N.L.S.
3 EVEN. N.L*9,IJNJ,LZG AS INTEGERi

VARIABLES
II DEFINE SRILL ZIKILL KAYKILL DRAW THETA,

fiPR hi Z' HLERNFILL,
5 VH.iID HV1fIIZiYNINE AS REAL

VUIADBLES
S LET IROCALLED - 1

LET FLD w FLD.NO (TIE)
a LET DRAW-UNIPORE. 0.17

9 IF P4.?LD(FLD) GTDEI DETECT AND AVOID
10 RETURN
11 OTHERWISE
12 IF SYS.TYPZ(TNKb a 3 *'DISMOUNTED INFANTRY
131 IF P3.LD LD6 I70"2-LS IE
13 IF 3. FL L~ WE.0 4P1
15 CALL Pj 03 N11 GIVEN TIE, DET.LOC( 16 YIELDING ENKILLEFKILL,RNFKILL

KAYSILL
V, CALL ATRIT(TNK.TNK8EIKILL El KILLEEEFKILL

1f ELSE"4AP-RAG MINES HXL,1OAM
1I CALL PIND.A.HINE GIVEN'TIE YIELDING 11111

20 FOR EVENY LEG IN PLT. UNIT 6PLT(TNK) WITS
&LIVE.DBA(LZg)! AID

21 SYS. TYPE (LEGt) NEQ 3,NDO
22 LET DET.LOC;INT.F(SQT. CURRENT (LZG 1111*2

23IFli.MR1'(LG -YUINR) *)
ABTilT DET.LOC

6 ALI?
IF PJFLDjILD * 1. 'CLAYSoRE szIE

IF DST.X OC6=616
CYCLE

3o 0TH! WVISE
I ~ADD 24 TO DE?.LOC ''TO OAKS UP FOR

17ED.OC G? 35
0SAIAJ AXIS

YIELDING ENKILL, EFKILL,35NKILZ

39CALL ATRIT (TIN TIE SfIKILL 1ILL6
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40 LOOP
141 ALWAYS
4#2 ALWAYS
'43 ELSE ''MOTORIZED VEHICLE
44 IF P3. DID L
'46 LET DR AU QIFOR K * (0. ,l.r1

47IF DRA SCTLEL f.N 3IELD

1 ALWAYS
52 CALL PROB.11INE GIVEN TYE DET.LOC

53 YIELDING EMKILL,EPKILL,ENMKILL
KAYiL

54 CALL ARI1T(TNEK, E MEILL,27KIL EBNFXILL
55 ELSAYMKILL, VHOCALLED)

LET NXBELT-VHAT.BELT (TNK)
94 LET THETA - ANGLZ.PLD(PLD)

58 LET I.PBINE = K.C RENTI ~ COS.F(TEETA+
Y.CURBEI T(T 1*SI. TEA

59 ''IDTOB =DISTANCE TOTHE OU0 BOUNDR
60 1.-T DTOB a SAEAJ.FLD(ILD)

-ASF(ICFLD CYLD) -1. PRINE)
61 IF DIR.OF uve?( UK) LT 0.0
62 LET AIGRE - 360/eRADZAN.C +

63 ELSE DI R. OF. HVBT (TNK)
64 LET ANGLE -DIR.OF.MJVNT(TN1)
65 ALWAYS

LET SIGNA - ANGLE - THETA
24 LET TEH.IDTR
68LTAR14 S TYPE,)TNK),VPN.TYPE(!UK),6)

69 LET 1110114 5h!I ';f518JUMINI
30 LITC. BE*L/Zff TRN.BRNj T /I LET 1112:BT -HALF.BT72 LET BLI.M.L.Sa

TRUIC. F 11iNU.PSIDB/2)
73 LET ZEN.N.L. S mHALF.N.L.S*
74 IF NXILT EQ EVEN.BELT

77 ALMAS1
71 ELS1
7~I EYNWTI.N.L.S NE Ngli.LZfl.SIDX

s0 SUBTRACT 1 flON EcIE.LRFT.SZDB
81 ALWAYS

8S LET J0 DOI
85 LET NUT n J2.0+90.LFZ.SEDI

'INU - NI SR. UNDER. TANK
86 11 5UT OT JPTO3+TU/Z)
87 GO0 FINT'

OTERl 33HP cI& DO-V2
IF C (DOIVW2
OTUIDUzZ
IF NUT LT (DTOD*YU/3L AND

13 ~ ~ ~ ~ ~ Nl LE S.O T (D031-VU/3)

p AL3JT D3T*LOC a 2

9 ~CALL IRODIINE1 GIVEN TIK, DET.LOc
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98 YIELDING BEUILLEfKILLr
EHNrK ILKAY KILLS99 CALL ATRIT(TNK TNE EMXILL KILL

100 BfffFKItLL.KAYKfLL, i56~ALLED)
101 LOOP

1 AL WY
111i ALWAYS

1 4i ALWAYS
105 *RI'LET HIT.STATI(TNK) -DAN. ARRAY (DAMAGE. U)
106 UpSE NIT 6 FOR OUTPUT
107 START NEW LINE
108 #UP,
109 WRITE NAME TNK). WPI.TYPE(TVK * TIME.!,

x.CtJR8ET (TN) * CURRENT(T)
110 E.CURRNTI('!NK) * SPD (TIK) * DEJ~FUITNK),

HIT. STATE (TVK a.T
III F.D (TIKI K 81LITN FK±LL (TIK MFK.ILL(TN
I12 KKILL(TN& K.HIT (Tt) FIRED.&T (TN)*IMI? (TIK)
113 AS S6 "IN'# S 2#2, 1 4, IS, 5 322, 1 7,

114 s 5 6I 3 1 A 14 2 D(5,21. 2 1 2, 5 1 3
115 IP KILLED.86uNTB6 NE 6
116 ALWAYS
117 LET KILLED.BOUVTEDQ0
118 IF ONDISK=YES AND VRITE.Vin6 USE UNIT 10 FOR OUTPUT

START NEW LIME GO TO UP ELSE
119 IF COLOR CTIK) EQ 0 AID ( DABAGE.IUM EQ 5 OR

10 DB~G~fG~1 ~ 301 DMAGBNIVDBQAGEND EQ '4 OR

122 IND AKA4E . % MILL(TNK) NE 1,~
123 NM HIrT.STAUE (TIK) ME ODE DO AND

124 ADD 1 TO DEAD.ATKR ALWAYS OTSAETK 2"DD
125 IF H[IT.STATE(TNK) NE "DEAD" AND( 12 LETflITSTAT~TIKm ~ IT.STATE(TNK) RE "IDED"

126 ET RT.STTE N)-wALWAYS
127 START NEW LII
128 RETURN END
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f P:rpose

Routine FIND.A.ftINE finds the I,Y coordinate

locations of the Anti-personnel frag ines in question.

This routine is called from Routine POP.A.51UE.

Given Arguments Integer

B - Pointer to the element being moved.

Yielding Arguments Real

INIVE

The X coordinate location of the Anti-personnel
frag nine.

YKIE

The T coordinate location of the Anti-personnel
frag mine.

Recursive Variable Integer

FLD

Name of the field involved in this pending
utlI n. tIt serves a a pointer to access other0 atributes.

Recursive Variable Real

ANGLE

sot to the direction of movement of the entity.
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DR AW

Contains the value of a random number from a
Uniform(0,1) distribution.

NYN.DIST

The distance in meters that the activating
entity is from the Anti-personnel frag mine.

PSI

The direction of movement of the entity minus
90 degrees.

I XDELTA

The distance in the I direction from the
activating entity's location to the frag mine.
The user may think of the .N.DI"T as a vector
perpend cular to the direction of movement.

YDELTA

The distance in the Y direction from the
activating entity's location to the frag mine.
The use; may thiBk of the AN.DIST as a vector
perpendicular to the direction of movement.

Temporary Attribute Integer

FLD.NO

The vehicle attribute that Contains the name of
the field involved in any pending internal
action.

Temporary Attribute Real

DIB.OF.NVET

Indicates the entity s direction of movement
measured in radians from the east.
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P2. FLD

This field attribute contains the length of the
frag mine trip wire in meters.

P3. FLD

nine Type t-11)

1 370 Scatterable Anti-tank nine
2 O56 Scatterable Anti-tank mine
3 8 1 Band-e placed Ant -tank mine
4 PS Ran acd At -tank ninN!9ISO ttn sladap -tank mine

514 Ant -:e nnJ 1 last sane
7 aAnti- onnel blast ine
8 a Ant -ersonnef frag sNe
9 AR Anti-personnel frag tine

10 5 Anti-personnel fraq ane
11 Claymore Anti-personnel f rag nine

I. CURRENT

The X-coordinate for the entity as of the last
movement update.

IC.PLD

The -coordinate of the center of an elliptical
field.

Y. CURRENT

The Y-coordinate for the entity as of the last
movement update.

YC.FLD

The T-coordinate of the center of an elliptical
field.

Brief Explanation
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Lines 6-8 Sets the I,! coordinate location of a

(Claymore mine to that of the center

of the elliptical field.

Lines 10-39 Sets the X,Y coordinate location of

the fragmentation mine on a Line that

is perpendicular to the entity's

direction of movement. The final

disposition of the nine in relation

to the activating entity is found

through a Monte Carlo process.

CODE

I ROUTINE FIND.A.HINE GIVEN B YIELDING XMINE,YBINE
2 DEFINE 8 FLD AS INTEGER VARIABLES
3 DEFINE rHINE THINE DRAW MYN DIST,AIGLE,PSI,XDELTA,
4 YDELT1 AS RAL VIRIABLES
5 LET FLD = FLD.NO(BL
6 IF P3.FLD(FLD) a11.0 "CLAYMORE MINE
7 LET ZRINE = XC.FLDI(LD
8 LE THINE = YC.FLD FLD
9 ELSE 'OTHER TYPE OF AP FLAG NINE

10 LET DRAW - UNIFORI.F (6. 1.,7)
11 LET MYN.DIST - .707P2. L(FLD) , DRAN
12 LET ANGLE = ABS.F(DIR.O.J.IT(B))
13 LET PSI a ANGLE-(90-0/RADIAN..)
14 IF DIR.OF.MVMT(B) LT 0.0
15 IF PSI LT 0.0
16 LET PSI - ABS.F(PSI)
17 ELSE
18 LET PSI = (-1.0)*PSI
Is ALWAYS

2 ALWAYS
21 LET IDELTA = MYN.DIST*COS.F (ABS. F(PSI))
22 LET YDELTA a RM!.DISTOSIN.F (ABS.F(PSI)
23 IF DRAW LE .5 ''MINE ON RIGHT OF VEHICLE
24 IF PSI LT 0.0

LET THINE - T.CURRENT B) -DELTA

ELSE
28 LET 11113 a .CUUBUT BI*XDRLTA
29 LET THINE a I-CURRENT 8 *TDILTA

ELSWETSINE ON LEFT OF VEHICLE
32 IF PSI LT 0.0
33 LET lINE - I. CURRTIB)-XDBLTA
34 LET THINE -. CORREIT B YDELTA
35 ELSE
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36111 LET IIE=XCURRENT (B) -IDELTA
LET YTINE Y.CURRENT B -YDELTI

a ALWAYS
39 ALWAYS
40 ALWAYS

42 END
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3. ]o utin2 PRO B.I

t Purpose

Routine PROB. MINE accesses the appropriate casualty

data from the arrays HINLETH and GRUNTLETH. This routine is

called from routine POP.A.HINE.

Given Arguments Integer

DET. LOC

Is the location of the mine detonation in
relation To the e tity. For Anti-personnel
fr a mines this varable contains the range the
entity is from mine detonation. For Anti-tank
mines this yariable specii.s the location ofmine detona ion on the vehicle.

I Track hit
2 belly hit

TUK- Pointer to the element being moved.

Yielding Arguments Real

FKILL

The probability of at least a firepower kill.

E KILL

The probability of at least a nobility kill.

IEINFKILL

The union of MKILL and RIKILL.

KAYKILL

The probability of a catastrophic kill.
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Permanent Attribute Integer

GRUNTLETH (3-D)

This 3-dimensional array Contains the BEL
casualty data for Anti-personnel mines.

R ILETH (4-D)

This 4-dimensional array Contains the BRL
casualty data for Anti-tank mines.

Recursive Variable Integer

JO

The pointer used to access the appropriate mine
casualty data based on vehicle type for Anti-
tank sin s and firing position for Anti-
personnel mines.

HYU.TYPE

This is the pointer used to access Anti-personn 1 mine casualty data based onappropr!ate mne type.

TYPE

This variable contains the value of P3.FLD, the
mine type in question.

Recursive Variable Real

DRAW

Contains the value of a random number from a
Uniform (0,1) distribution.

NAYKILL

Contains the alprogiate probability of kill
accessed from G SkT boTH.
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Temporary Attribute Integer(
DEFIUM

The current position or activity of an element.
1 full dofiadt ilade

ei~qfilade
f'ladeca Iec~ detf iade

5 o 49%@ (d fladO determined by
the terraln model)6 reached final area in movement

LD. NO

Name of the field involved in any pending
internal action.

ST S. TYPE

This represents the general class of the system
of the entity.

1 tanks
2 mounted infantry

disfo9nted infantry
£4 al rtl ry

5 air
6 air defense
7 bunker
8 coma/e/acg/intel
9 other

Temporary Attribute Real

P3.FLD

Mine Type (1-11)
1 170 Scatterable Anti-tank mine
2 156 Scatterable ati-tank mine
3 121 len -emp.aced Anti-tank mine
£4 15 Rand -em, aced Antt-tank mineR 1 Ban-emD aced Anti-tank aine51 1n pe~onnel bast sano

nt- Personnel " ta ea Ant-ersonne a An •
A34AN&Au nti-pegsonnelr g fi~ne

10 R at- s .1onnel fraq a ne
11 Claymore nt -personnel frag mine
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Brief Explanation

Lines 6-18 Access the Anti-tank nine BRL data

from RIBLETH.

Lines 19-51 Access the Anti-personnel mine data

from GRUNTLETH. This data is in the

form of kill probabilities and must

be monte Carloted against to

determine casualties.

CODE

1 ROUTINE PROB.HINE GIVEN TNK, DET.LOC
2 YIELDING ENKILL,EFKILL ERNFKILL, KAYKILL
3 DEFINE TNK TYPE DET.LOC JOBYN.THPE

AS iNTEGEi VARIABLES
4 DEFINE EAKILL MILL EUNFKILL,KAYKILLUAYKLL,

DRAW Ai REAL UARIABLES
5 LET T P3.FLD(FLDNO(TN h).

IF TYPE LT 6.0 9 ANTI-TANK )INES
7 I'VE NEED SORE WAY TO DETERRINZ JO-VEHICLE TrPzS
8 IF SYS. TYPE(TUK RE 3
9-O IF SYS.TIPE NK) a1
10 LET JO =1k
11 ELSE
12 LET JO - 2
13 ALWAYS
14 ALWAYS
15 LET ENKILL-KINLETH (TYPU,JO,DET.LOC,, /100.

LET EFKILidIRffIETB ATYP E0 DET.LOC ) 100
LET EMNFK LLAI ULET (TM 5ODET L6.3f /160.

18 LET KAYKILL=UILETR (TYPE SOT.LO4) /100.
19 ELSE ''ANTI-PEESONNEL IINES
20 IF TYPE LT a.0 1'AP-BLAST
21 LET EUKILL - 1

22 LET KILL - 1:u
3 LET ERNFRILL = 1 0

KAYKIJL - 1.6
ZLSET, 'AP- Pa

6 IF DEFUUR(TI) - O5'THE SOLDIER IS STANDING
LET JO a 1 STANDING

28 ELSE ''THE SOLDIER IS IN THE PRONE POSTION
29 LET JO - 2 "1PRONE
0 ALWAYS

IF TYPE IQ 11 ''CLAyORE HINE
LIT DIT.LOC M IN?.V(ORT.LOC/10.0)

33 IF DET.LOC -0

ALII1 TO DET.LOC

13 tIAHN.TYPE *TYPE -7
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38 LET MAYKILL
GRUNTLETH(RYN.TYPE JODET.LOC)/100.0

39 LET DRAW - IFO. 0.1.
40 IF 3AYKILL GT DRAW 'TE SO DIER DIES
41 LET EAKILL = 1.0
42 LET EMKILL = 1.0
43 LET EENFKILL - 1.0
44 LET KAYKILL - 1.0
45 ELSE "'THE SOLDIER LIVES TO FIGHT ANOTHER DAY
4LET EMKLL : 0

LET EKILL 8:8
48 LET EENFKILL = 0.0
49 LET KAYKILL = 0.0
0 ALWAYS

ALWAYS
52 ALWAYS
53 RETURN
54 END
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Purpose

Routine F.DECISION alloys the entity and his

platoon the options of going to the minefield to attempt a

"bull through" or breach, and the option to bypass or lane

select, whichever is applicable. This routine is called

from routine FLD.ACT.

Argument Integer

A - Pointer to the element being moved.

FLD- Pointer to the field in question.

Events Scheduled

DIVERT .(this appendix)

QUIK. MOVE (this appendix)

TUR. AROOND (this appendix)

Global Variable

FLD.POINTER (1-D) INTEGER

This 1-dimensional array contains the temporary
field pointers. This enables the user to
access the obstacles by using the sequential
order numbers given the fields on input.

TRA?.CONIOL (3-D) REAL (Appendix A)

Recursive Variable Integer
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JI



COUNTER

qoutains the number of five econd nova
incremens To got from the decislon slnips1
through the obstacle under the worst of
conditions.

I - Index for a do loop.

KNOV. LBVEL

Contains the value of the field attribute
26.FLD. This is thq state of intelligence
known about the obstacle.

0 go knowledge exists
2 knowledge exists
3 kn wvdege exists and a lane

OBS. ?LD

The temporary field pointer of the obstacle.

OB S. NUH

The number of the obstacle to our front. This
umber in gotten foam the field's sequence on.Input.

STAT. PLON

This variable gives the platoons status of ine
plows.

0-no plow available
o gvgilable but not in %se

3- atoon 0 ffs tting
4- atoon s push ng a dead plow tank

Recursive Variable Real

DEL. TINN

Receives the plow activation delay time from
the minefield attribute P9.PLD.
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DIST. AWAY

(This is the distance to the obstacle from this
decision ellipse.

INTERV

A constant term that is set so thatelment
locations are updated every five seconds during
a small portion of the simulation.

PUSH. FACTOR

Receives the value of the minefield attribute
P11.FLD, the push dead plow speed degradationfacisr.

Receives the value in meters of the semi-major
axis of the minefield ellipse to the front.

Rotines Called

PLU.aLIVE (this appendix)

Temporary Attribute Integer

BYPISS

This variable is an argument for Event DIVERT.
It carries the route number that will cause
lateral movement.

DIRC.O9. MT

Indicates whether or not a vehicla, is moving
forward or backward on his route.

0 Vehicle is moving in order of
increasi NCP numbers along theo • (£rvar'd1t.( NOT in older of
de, easing OP nabhers a ong the
route. (w~ctvard
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EI D. AREA

The number which identifies the ending movement
area for this entity.

FLD.AKT

jode describing the kind of action for pending
sternal actions.

FLD.NO

Name of the field involved in any pending
internal action.

FORMACODE

The formation number of the formation to be
used by the platoon.

0 Not in formation, vehicle moves
&long route without offset.

HOLD;F ORN

This unit attribute is a storage place where
the units formation number for the ;1 aoon
(FORBICOD)~ can be placed when late a route
movement is appropriate.

HORNi

This variable is an argument for event DIVERT.
It carries the UCP number that will be cause
lateral movement.

NEXT.ECP

eovesent control point number (on the
designated route) toward which the element is
nov movng.

0 end of route has been reached

C
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NUM. POINTER

I This variable is an argument for event
QUIK. HOVE. It carries the number of the entity
to be moved.

REP. NUMBER

This variable is an argument for event
QUIK.MOVE. It carries the number of iterations
of scheduling left for this event to perform.

RO UTE

Indicates the number of the route along which
the element is travelling.

0 Not using a route

SIDE. STEPPER

This variable is an argument for event DIVERT.
It carieJs the number of the entity to be movedlterally.

START. ARIA

The number which identifies the starting
movement area f or this entity.

TWIST

This variable is an argument for event
TUR. ABOUND. It carries the number of the
entity to be turned in the opposite direction.
TTP.FLD

Field Type Code
1 - a mandator1 dismount field

a a :fne decision field
4 a tank ditch

5 a a road cralr -
6 a iow bridge (short-vet gap)
7-a gap decision field

Temporary Attribute Real
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FLD.INT. DIST

This attribute of an entity contains the
distance to a pending field internal action.

INT. TIl-

This variable is an argumert for event
QOIK.KOVB. It carries the time interval number
when the next event is to be performed.

P1.FLD (Appendix D)

P2.FLD (Appendix D)

P3.FLD (Appendix D)

P4.FLD (Appendix D)

P5.FLD (Appendix D)

P6.FLD (appendix D)

P9.FLD (Appendix D)

P1I.FLD (Appendix D)

SANAJ.LD

The semi-major axis length of the elliptical
field.

SPD

The entity's speed at the end of the most
recent movement update.

(21
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XC. FLD

The X-coordinate of the center of an elliptical
field.

YC.FLD

The Y-coordinate of the center of an elliptical
field.

Brief Explanation

Lines 11-14 Switches the values of HOLD.FORE and

FORMACODE. This allows the entity to

pick up the route formation if

applicable.

Lines 17-20 Checks if this decision ellipse is on

a bypass around the minefield and

takes appropriate actions if it is.

Lines 21-22 Links to the knowledge attribute,

P6.FLD, of the minefield to the

front.

Lines 23-24 Turns the entity around if he is

coming back from the minefield.

Lines 26-28 Illows the user to stipulate if a

bypass or a "bull through" tactic is

going to be used.

Lines 31-40 Sets the counter variable to the

appropriate number of QUIK.HOVE
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iterations needed to get through the

minefield.

Line 41 Checks on the status of the plows in

the platoon.

Lines 42-46 Determines if the platoon has no

knovledge of the ainefield or if they

have an alive plow, and allows them

to proceed toward the minefield.

Lines 47-60 Determines if this minefield has a

lane in it. If it does, it allows

the entity to move laterally to get

to it.

Lines 61-63 Allows the platoon that knows the

minefield exists to bypass the

minefield.

CODE

1 ROUTINE NF.DECISION GIVEN A FLD
2 DEFINE AFLD OBS. NUN OBS FLb KNOW.LEVEL,COUNTEB,
3 ShT HOWI INTEGR VARIABLES
4 DEFINE DEL TIE. USH.PACTOR SHAJ.OBS,INTERV,
5 DIST.AMAY AS REAL VARIABLES
6 LET FLD.NO A)=FLD
7 LET FLD.AKTIA)*TYP.FLD (FLD)
8 LET P4.FLD (FLD) a ROUTE(A)
9 LET P5.FLD(FLD) a NEXT.HCP(k)

1%) LET IVTZRV a 5
11 IF HOLD.FORN(A) NE 999
12 LET FORMACODE (A HOLD°FORN(A)
13 LET HOLD.FORN - 999
14 ALWAYS
15 $$******LINK TO OBSTACLE KNOWLEDGE ATTRIBUTE*******
16 LET OBS.NUH a INT.F(P3.FLD (FLD))
17 IF OBS.NUE - 0
''THIS ELLIPSE IS ON A BYPASS ROUTE-MO OBSTACLE TO FRONT
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18 LET FLD.INT.DIST(l) =RINF.C

H9RETURN*203 OTHER WISE
21 LET OBS.FLD = FLD. POINTER (OBS. NUM)
22 LET KNOW.LEVEL =INT.F(P6.FLD(OBS.FLD))
23 IF DIRC.ON. RT(A R= 1
214 SCHEDULE A TU N.AROUND GIVEN A NOW
25 ELSE
26 IF P1.FLD(FLD), NE 0.0 It BYPASS EXISTS
27 LET TRAF.C0NTROL (OBS.INUMROUTE (A) 2NX.C A

28 ALWAYS t;KC()
29 ALWAYS
30 LET PLD.INT.DIST(A = RINF.C
31 IF P6.FLD (PLD LE
31 LET D L .T IME = P9.FILD(OBS.FLD)

3 LET PUSH.FkCTOR = P1 1.FLD (OBS.FLD)
354 LET SMAJ.OBS - SAAiAJ. FLD(OBS .FLD)
35 LET DIST.AVAY =

36 ~SQRT.F( IC. FLD (FD) -XC. FLD (OBS. FLD)) **2.
36 IC.FLD (FLrk -IC.ILD (OBS. FLD) **2)

37 LET COUNTER =
INT.F( (DEL. TIMZ+INTERV4 (DIST. AWAY/SPD (A)).

38 ((2SNAJ.*OBS)/ (PUSH.PACTOA*SPD*(A))) )/INTRRI
39 LET P6.FDFD NE
40 ALWAYS .LDFD =COTE
41 CALL PLW.ILIVE GIVEN A YIELDING STAT.PLOW
42 IF KNOV.LEVEL LE 1 OR ST&T.PLOW EQ 1
43 LET COUNTER - INT. F(P6. PLD (FLD)
544 SCHEDULE A QUIK.8OVE GIVEN A. Cbbl TER INT ERV

IN iNTER! UNITS
45 RETURN
46 OTHERWISE
47 IF KNOW.LEVEL - 3
438 IF TRAF.CONTEOL(OBS Num ROUTE 3) MEN RFC
49 FOR I - I TO DIE.F(T&AF.CO14T16 L'(OBS.NUE,*,*))6
0 IF TRAF.CONTROL lOBS. NUN 3h EQ RINF.C IND
1 ITRAF.CONTROL OB. U N,1 E 0.0 AND

51TRAP. CONTROL 10BS.NUEI, LT 1100.0)
5 ~ SCHEDULE A DIVERTA

INT.? (TRAP .60NTROL(OBS NUN 11)
514 INT.F(TR A?.CONTBOL(OBS.N1ft;Ie2f)) iO
55 RETURO
56 OTHERWISE
57 LOOP

$'FUZZY KNOWLEDGE-LANE EXISTS-NOT PRIVY TO IT
58 LET KNOW.LEVEL = 2
59 ALWAYS

60 ALWAYS
61 IF KNOV.LEVZL = 2 AND P1.FLDfRD NE 0.0
62 SCHEDULE A DIVIRT(A,IN. PINT.FLDp~ O

63 ALWAYS N.H.b'FD)NO
614 RETURN
65 END
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5. ELuiaFf!.U

Purpose

Routine XF.ENTRY alloys an entity to take the

appropriate actions when encountering a minefield. This

routine is called from routine FLD.ACT.

Given Arguments Integer

A - Pointer to the entity that has entered

the minefield.

FLD- Pointer to the field in question.

Events Scheduled

QUIK. MOVE (this appendix)

Global Variable Real

TRAF.CONTROL (3-D) (Appendix A)

Permanent Attribute Integer

PLT.COND (-D)

This attibute of the PLATOON LEADER keeps track
of the present action status of the platoon in
a minefield. (i.e. plowing, offsetting, pushing,
etc.)

Recursive Variable Integer

BUMP. NUM

Receives the number of move increments that
have been made clearing the appropriate route
n question. Its vAlue is Itorea in the

TRAP.CONTROL array.
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COUNTER

Contains the number of five second move
increments that will take place for this
entit This movement ugdate is accomplishedby scheduling event UuI .uVE.

INCREMENT

Contains the number of move increments that
+his entity has to sake to keep up with the
lead element of his platoon. This namber
serves as a flag to determine i there i
remaining cleared movement to our front or if
Rouatine BINE.SCRED has to be called.

KNOW. LEVEL

Contains the value of the field attribute
P6.FLD. This is the state of intelligence
known about the obstacle.

0 No knowledge exists
knoieeexss
knowuledge exists and a laneexists

LEG

Pointer to an element in the platoon of the
activating entity. (dismounted infantryman)

OBS. NUN

Receives the value of the field attribute
EAE.?LD. This is the sequential id number in
order of field creation.

STAT. PLOW

This variable gives the platoons status of
mine plows.

O-no plow available
1-plow available but not in use
2-plow b.ei used
3-latoon offsetting
4-platoon Ia pushing a dead plow tank

Recursive Variable Real
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CUR.DIST.CLEAR

This is the cumulative distance clear on aroute through an obstacle. It receives its
value fro% the TR&F.CONTROL array.

IRTERV

A constant term that is set so that element
locations are updated every five seconds during
a small pcrtion of the siaulation.

N? .DET.DIST

This is the distance that a entity will travel
into a minefield bef re it can visually detect
that it i in a mnefield. (only used for
unbured snes)

Routines Called

DROP. PLOV (this appendix)

MIE. SCHED (this appendix)

PLU.ALXVE (this appendix)

WITHDRAW (this appendix)

Set

PLT.UNIT (1-D)

This set is owned by the permanent eatity
PLATOOV LEADER It contai4s the list or
temporary entitles owned by this platoon.

Temporary Attribute Integer

* 22
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ALIVE. DEAD

Indicates whether the entity is alive or dead.

0 aliveI de d
2 al1ve mounted in carrier.

FLD.AKT

Code describing the kind of action for pending
internal actions.

FLD. FORH

This unit attribute gives the entity the
ability tp change formations when encountering
an ohacfe.

FLD.UO

Name of the field involved in any pending
internal action.

( NV.STATE

The primary control variable for initiating and
stopping movement.

0 In position, do not move.
1 Figst cal to mover do a rote

me t and tmat to movem
2 Coatne. motomen along a

evoUSly selectel route.
3 e aLonO the route.
4 e ostlion has been reached,

5 Ffna&'oPstion has been reached,
nover wove again.

NA .FLD

This is the sequential id number in order of
field creation.

t E353. POIITNi

This variable is an arguent for event
QOIK, .OVE. It carries the number of the

222U"____
-



(entity to be moved.

PLT

The number of the platoon to which the entity
belongs.

REP. HUMBER

This variable is an argument for event
QUIK. NOVB. It carries the number of iterations
of scheduling left for this event to perform.

ROUTE

Indicates the number of the route along which
the element is travelling.

0 Not using a route

SYS.TYPE

This represents the general class of the
system of the entity.

I Tanks
2 ounted infantrydismounted infaftry
4 Artillery
6 Alf defensebunker

Con s/ew/acg/intel

9 other

TBUHP.NuK

This unit attribute allows the entity to move
In a very detailed manner as * umber of his
platoon then in an obstacle fie U.

TY P. FLD

Field Type Code.

I a andato diAsmoat field
-a Mnq 41 decision f ielda talld tch

5 a roa crate:
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6 - a blown bridge Cshort-vet gap)
7 - a gap decision field

Temporary Attribute Real

PLD.INT. DIST

This attribute of an entity contains the
distance to a pending field internal action.

FSPEND.FAC

This unit attribute gives the entity the
ability ability to slow down because of
obstacle encounter.

IIT.TIE

This variable is an argument for event
QUIK.1OVE. It carries the time interval number
when the next event is to be performed.

PI.FLD

The activation level of the minefield.

0 lot activated
1 Activated patterned mingifid

# of sines Activate catterable mine leld

P3.FLD (Appendix D)

P6.FLD (Appendix D)

P7.FLD

This minefield attribute contains the lane
formation number.

P8.FLD

Lane speed factor through a inefield.

224o



PI 0. PLD

Plow speed factor while activated in a
minefield.

P12.FLD

The ninefield detection distance.

SA MAJ.FLD

The semi-major axis length of the elliptical
field.

SPD

The entity's speed at the end of the most
recent movement update.

Brief Explanation

Lines 18-21 Tests to determine if this minefield

is activated yet. If it is not, the

entity is allowed free access through

the minefield.

Lines 22-30 Updates the entire platoon's

location, so that the effects of a

Anti-personnel frag mine can can be

simulated. The distance to a mine

encounter is also attained.

Lines 31-35 Checks to see if the bull through is

an appropriate tactic and transfers

the logic flow to the no knowledge
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section of the Routine.

Lines 36-57 The entity takes the actions

appropriate when he does not know the

minefield exists.

Lines 38-42 If the increment is larger than one,

this means that there exists a

partial lane. The entity is given

this safe distance to travel.

Line 43 A distance to mine encounter is

obtained.

Lines 44-54 Determines if the entity is going to

hit the next mine or visually detect

it first.

Lines 48-52 Keeps the bull through as a separate

tactic and does not allow the

knowledge of the obstacle to effect

the entity's movement.

Lines 58-86 Performs the actions for an entity

when he knows the inefield exists.

Lines 59-64 If this route is a lane through the

sinefield, The formation of the

entity is changed to a column, its

speed is degraded, and it is allowed

2

226



to move through the minefield without

detonating sines.

Line 65 Checks on the status of the platoon's

plows.

Lines 66-86 Determines if the platoon is going to

breach the minefield or to go back to

the decision ellipse in order to

bypass the obstacle.

Lines 67-78 Allows the entity to go safely over

the partially cleared lane. The

entity's speed is degraded and his

formation is changed to column.

Lines 74-77 The speed degradation depends on the

plowing status of the platoon.

Lines 80-84 This entity~s plow is being activated

and the platoon is getting in the

breach formation.

CODE

I ROUTINE H1.EWTR GIVEN A PLD
DinviF A IP LD.O 10. LBlL, T E .U5 0.3OB , STAT.PLOV,NCRI1ET T LUG AS ITRGEIR VARIABLISD I FII3 CUI.DIST.c'LAHR UF. DT.DIST, INTENV

So IT43 1 V LII PO B&TRIX.UIPDATS
L Iia ! 02 5. 0 0 A1 - IUTE(A)LeT RAP.COIO3 lS.NU.ROUB&O*I3L. TOL( E.DIST. )FD.IXT.DTST(k)

8 LET TR&F.COITIOL(OBS. UGIROUT(A) ,4) ,Z B-1P.U08 1
9 LET ?2AP CONT2OL'OBS 53 10T3'A) ~FDTD S) R A)+

10 LIT PLO..(A) WD
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11 LET PLD.IKT(A) s TYP.PLD (FLD
12 LET KNOW.LEVEL :a UT.! (F6nFLD
13 LET OBS.NM!J - NAl.FLD(FLD)DI
14 LET ISTERV = 5.0
15 L?,T BU[ P.MUN

INT.F (TRAP. CONTROL (OBS.NUM,ROUTE (A) f5))
16 LET CUN.DIST.CLEAR a

TRAF.CONTRQL (03. NUM,ROUTS (A) ,3)
17 LET IICRESENT - BUBP.NUM - TBUMP.NUM (A)
18 IF P1.PLDAFLDk E? 0.0 "'NOT ACTIVATED YET
19 LET .LIND ST(A) - RNF.C
20 R ET 13 B
21 OTHERWISE
22 1F SYS5.TYPE(I S 3 AND P3.FLD(FLD) GE 6.0
23 LET COUNTE

INT.P((SANAJ.FLDIFLD *2.0) /SPDAA)/INTERV)-2
24FOR EVERY LEG IN PLT.UNIT(PLT(A) WT25 ALIVE.DEAD JLEG) NE 2 AND S I.TPEILEG) EQ 3

26 SCHEDULE A Q IKNOV E GIVEN LEG I IMERV NOW
27 SCHEDULE A QUIX.MOVE GIVEN AECOUvfRA INTERY IN

a CAL 99E.CREDGIVN AFLD (2.0*tNTERV) UNITS

0 OTHERWISE
ii IF 'rRAF.CONfTROL (OBS.NUffROOE(A -2 0.0 OR
32 TRAFr.CQIT ROL (OBS.VNflROUT S, 12l 1111.0 0R
33 TRAP. CONTROL (OBS.NSUN, ROUMt( ),2) 5555.0

4T GO TO *BULL.THRU'35 OTHERWISE
36 IF KNOW.LEVEL LE 1 "NO KNOWLEDGE EXISTS
37 ODULL.THRU'
38 IF INCRENENT GT 0
39 LET PLD.INT.DIST(k) =CUR.DIST.CLEAR
40 LET TBUMP.NUNf(A) =B;HP.NUN
141 RETURN
41 OTHERWISE

4 CALL RINE.SCHED GIVEN A ILD
4 LET ft.DET.DIST - P2 2. FLD(PLD)
4 I? NF.DRT.DIST GT 0
44 17 ~PLD.INT.DISTf& TH.DTDS
4 LET FLD.INT.DIST (k)i - F.DET.DIST
48IF TRFCNRLOS U OTJ)2 0.0
4 9 ~~LE T T A .C N R L ( B .1 5 2 l ~ ) 2 1 .

s0 ELSE
51 LET P6. ILD (PLD) a 1

ALWAYS
ji ALWAYS

ALWAYSJaDP.U1
5 H~ATRIX.UDT
54 LET TUPNJ()aBM.U~

;8 O THEYVSItTS KNOW THE NINE FIELD EXISTS
60 LET ?LD.INT.DIST(A a RIUF.C
61 LET PLD FORMW a) =S.(7FDL

61 LET FSiDFC(A) -Pe~nD(PLD) 1

S RETURN
84OTHERWISE

65 CALL PLUALIVI GIVEN A YIELDING STAT.PLOW
1 17I STAT.PLOV 2Q 1

s IF rNCRENT GT 0
8 LET PLD.INT.DIST(l) -CUA.DIST.CLEAR
9 LET TBUMP.NUNM A) BURP.3NG

10 IF PLT.COND 8T~(Al 0
71 LET PLT. ND P1
72 ALWAYS(73 LET FLD.FORN(A) a INT.F(17.PLD(FLD))[ 228



74 IF PLT.COND(PLT(A)) = 2
75 LET FSPEED.FAC(A) P1O.PLD(FLD)
76 ELSE
77 LET FSPEED.FIAC(A) = P8. FLD(FLD)
78 ALWAYS
79 RETURN
80 OTHERWISE "DROP/ACTIVATE THE PLOW
81 CALL DROP.PLOW GIVEN A FLD
82 LET TBUEP.NUM(A) = B08f.NU.1
83 NATRIX. UPDATE
84 RETURN
85 OTHERWISE ''GO BACKWARDS TOWARD DECISION FIELD
86 CALL WITHDRAW GIVEN A
87 RETURN
88 END
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9 6. U-q~ao DOiQ. iLoQ

Purpose

Routine DROP.PLOV simulates the activation of mine

plows for the appropriate platoon in a ainefield. This

routine is called from routines NF.ENTRY and F°.INTERMAL.

Given Arguments Integer

B - Pointer to the entity that is dropping its
plow.

FLD- Pointer to the field in question.

Events Scheduled

HALT (this appendix)

STAND.TO (this appendix)

Permanent Attribute Integer

PLT.COND (1-D)

This attibute of the PLATOON LEADER keeps track
of the present action status of the platoon in
a minefleld. (i.e. ploving, offsetting, pushing,
etc.)

Recursive Variable Integer

TYK

Pointer to an element in the platoon of the
activating entity.

Routines Called

KINE. SCRED (this appendix)

(2
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Set

PLT.UNIT (l-D)

This set is owned by the permanent entity
platoon leadgr, It contains the list of
emporary entities owned by this platoon.

Temporary Attribute Integer

ALIVE. DEAD

Indicates whether the entity is alive or dead.

0 Alive
1 Dead
2 Alive mounted in carrier.

BAGGED.BOY

This variable is an argument for event
STAND.TO. It carries the number of the entity
to be moved.

FLD.FORE

This unit attribute gives the entit1  the
ability t change formations wheo encoun ering
an obstacle.

FLD.NO

Mame of the field lavoeled La ay pending
internal actioa.

PLT

The number of tbe platoe. to which the entity
belongs.

SLOV. DOII

This variable is as argument for event HALT.
It carries the number of the entity to beS toppeG.
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Temporary Attribute Real

FSPEED.FAC

This unit attribute gives the entity the
ability to slow down because of obstacle
encounter.

P7.FLD

This minefield attribute contains the lane
formation number.

P9. FLD

This minefield attribute contains the plow
activation delay time.

PI O.FLD

This minefield attribute contains the plow
speed factor.

Brief Explanation

Lines 3-13 Stops the platoon for a certain

period of time, degrades their speed

in order to plow, and schedules a

start up some time in the future.

Lines 7-9 Only degrades the speed for vehicles

in the minefield.

Lines 11-13 Changes the activating entity's

formation to a breach column and

obtains a distance to next mine

encounter.
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CODE

1 ROUTINE DROP.PLOW GIVEN B,FLD
2 DEFINE B FLD TEX AS INTEGER VARIABLES
3 ,Oi E,RY TEX IN PLT.UNIT(PLTB))
4 WITH ALIVE.DEAD(TN K) NE 2, DO
5 SCHEDULE A HALT GIVEN TK NOW

6 SCHEDULE A STAND.TO GIVEN TN IN

7 IF PLD NO4TNX) QP,.LD(LD) UNITS

8 LET FSFEED. k (TNK = P1O.FLD(FLD)
9 ALWAYS

10 LOOP
1 LET PLT.COND PLT(
12 LET FLD.FORN B ( T.IJ?(P7.FLD(FLD))
13 CALL KINE.SC EDb GIVEN B, FLD
14 RETURN
15 END

2
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S7. R~utine 11I ,_

Purpose

Routine VITHDRA stops, turns around, and starts the

platoon up again. This routine is called from routines

MF.ENTRY and 5P.INTEBNAL.

Given Arguments Integer

B - Pointer to the entity that is withdrawing.

Events Scheduled

HALT (this appendix)

STAND.TO (this appendix)

TURN. AROUND (this appendix)

Recursive Variable Integer

TIK

Pointer to an element in the platoon of the
activating entity.

Set

PLT.UVIT (I-D)

This set is owned by the permanent entity
-latoon leader. It contains the list of
temporary entities owned by this platoon.

Temporary Attribute Integer

ALIVI.D3AD

Indicates whether the entity is alive or dead.
0 Alive
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1 Dead
2 Alive mounted in carrier.

BAGGED. BOY

This variable is an argument for event
STAND.TO. It carries the number of the entity
to be moved.

DIRC.OW. RT

Indicates whether or not a vehicle is moving

forward or backward on his route.

0 Vehicle is moving in order of
increasing MCP numbers along the
route (f4wrard

1 Vehicle is moving in order of
decreasing MCP nunbers along the
route. (back ward)

EN D. AREA

The number which identifies the ending movement
area for this entity.

PLT

The number of the platoon to which the
entity belongs.

SLOW. DOWN

This variable is an argument for event HALT.
It ca rien the number of the entity to bestopped.

START. AREA

The number which identifies the starting
movement area for this entity.

TWIST

This variable is an argument for event
TURN. AROUND. It carries the number of the(entity to be turned In the opposite direction.
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Temporary Attribute Real

FLD .INT. DIST

This attribute of an entit contains the
distance to a pending field internal action.

Brief Explanation

Lines 3-11 Turns around the vehicles in the

platoon that are moving forward.

Lines 6-8 Stops, turns around, and starts the

appropriate entity in the next five

seconds.

CODE

1 ROUTINE WITHDRAW GIVEN B
DEFINE B TIK AS INTEGER VARIABLES
IF DIRC.6N.RT(B) 9 0

FOR EVE! TRI PLT.UNITIPLTB
5 WITH ALIVE. (TNK) HE 2v DO

SCHEDULE A HALT GIVEN TNK NON
SCHEDULE A TRN.AROUND GIVEN TNK IN 4.5 UNITS
SCHEDULE A STAND.TO GIVEN TIK IN 5 UNITS

9 LET FLD.INT.DIST(TIR) * RINF.C
10 LOOP
11 ALWAYS

RETURN
END
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8. Roui~netJ.UZJ

Purpose

Routine BF.ITERVAL allows an entity to take the

appropriate internal actions in a minefield. This routine

is calle4 from routine FLD.ACT.

Given Arguments Integer

A

Pointer to the entity that activated the
minefield internal action.

Global Variable Real

TRPF.COUTMOL (3-D) (Appendix A)

Permanent Attribute Integer

PLT.COWD (1-D)

This attibute of the PLATOOI LEADE keeps track
of the present action status of the platoon in
a mnsZeld. (i.e. plovwing, offsetting, pushing,
etc.)

Recursive Variable Integer

BgfP. i53

Receives the number of move increments that
nv been made clearing the. appropriate route

question. Its value is stored in the
TRAF.CONTIOL array.

FLD- Pointer to the field in question.

(
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INCREMENT

Contains the number of move increments that
this entity has to make to keep up. with the
lead ele nt of his platoon. This number
serves as a aflg to determine it there is
rema ninq cleared movement to our tront or if
routine IR.SCHED has to be called.

KNOW. LEV EL

Contains the value of the field attribute
P6.FLD. This is the state of intelligence
known about the obstacle.

0 No knowledge exists
2 knovledge exists
3 kn ege exists and a lane

OBS. NUR

Receives the value of the field attribute
NAI.FLD. This is the sequential id number in
order of field creation.

STAT. PLOV

This variable gives the platoon's status of
nine plows.

O-no plow available
1fiow available but not in use2bow being ued .

atoon H oufsetting
4-;latoon is pushing a dead plow tank

TIP.FORH

Contains the highest formation number attained
by the entity's platoon.

TIK

Pointer to an element in the platoon of the
activating entity.

Recursive Variable Real
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9 CUM .DIST.CLEAR

This is the cumulative distance clear on a
route throuqh an obstacle. It receives its
value from the TRAP.CONTROL array.

DRAW

Contains the value of a random number from a
Uniform (0,1) distribution.

MOV.DIST

The distance that routine 8OMENTUa returns.
This is the distance to the lead tank in the
platoon.

Routines Called

DROP.PLOV (this appendix)

HIDER

A routine used to determine the micro-terrain
elevation for a selected element.

NINE. SCHED (this appendix)

NOMENTUR (this appendix)

PLW.ALIVE (this appendix)

POP.A.MINE (this appendix)

WITHDRAI (this appendix)

Set
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PL T. UNIT (I-D)

This set is owned by the permanent e it
PLATOON LEADER. It contains the list o
temporary entities owned by this platoon.

Temporary Attribute Integer

DEPMUR

The currdnt position or activity of an element.
1 full defilade
2 turt defilade3 firlng d~filade ..
4 alf vehic #, daeiadsemoving ( lla e aetersined by the

terrg5 3dee

6 trachen lna area in movement

FLD.FORB

This unit attribute gives the entity the
ability to change formations when encountering
an obstacle.

PLD.VO

lame of the field involved in any pending
internal action.

RKILL

Indicates whether an entity has sustained a
catastrophic kill.

0 No
I ye

SKILL

Indicates whether an entity has sustained a
nobility kill.

oo
yes
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IV STATE

The primary control variable for initiating and
stopping movement.

0 In position, do not move.
1 Pirst call to move, do a route

select and start to move
2 Cont;nue, movement along a

3vlousl selected route.
3 op alonq the route.
4 Next position has been reached,

so stop.
5 Final position, has been reached,

never move again.

NAh.FLD

This is the sequential id number in order of
field creation.

PLOW. COND

This unit attribute gives the tank the ability
to have a mine plow characteristic.

0-no plow available
1-plow available but not in use
2:-plow being used
3-lead vehicle in offset
-tank that is pushing dead plow tank

PLT

The number of the platoon to which the entity
belongs.

ROUTE

Indicates the number of the route along which
the element is travelling.

0 Not using a route

STS.TTPE

Thin represents the general class of the
system of the entity.

1 tanks
2 mounted infantry
3 dismounted infaltry

(
2ql
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4 atillery

air defense
7 bunker
8 comm/ev/acq/intel
9 other

TB UP. NUM

This unit attribute allows the entity to move
na very detoiled manner as fember of his

platoon Rhen in an obstacle field.

Temporary Attribute Real

FLD. INT. DIST

This attribute of an entity contains the
distance to a pending field internal action.

FSPEED.FAC

This unit attribute gives the entity the
ability to slow down because of an obstacleencounter.

P3.?LD

Nine Type (1-11)
1 870 Scatterable Anti-tank mine
2 B56 Scatterable Anti-tank mine
3 521 and -mplaced Anti-tank mine4 115 Han-emplaced Ant -tank ntne
5 519 Hand-e laced Aat i-tank m ne
6 M14 Anti- elsonnel blast aine

7 iAnt -ersonne blast nipne
81 Ant-fersonnelf rag nine
IDlE Anti-personnel ,rag pine

10 M74 Anti- or onnel fra mine
11 Claymore ati-personney frag mine

P5.FLD

Probability of pushing a dead plow tank.
(I-PS.FLD ,, offset probability
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P6 .FLD

Knowledge level of this minefield.

0 No knowledge exists.
1 N knowledge eyistq, the entity

.ll see t e alnefield before a
nin. goes off.k now eaa x.g
Kng lie exist: and a lane

e xsts.

P7.FLD

This minefield attribute contains the lane
formation number.

P1 I.FLD

Pushing the dead plow speed factor.

Brief Explanation

Lines 15-20 The dismounted infantry entity

detonates a nine and if he survives,

a new distance to the next mine

detonation is obtained.

Lines 22-30 changes the knowledge flag so that

the "bull through" option will be

played.

Lines 31-48 Simulates the no knowledge exists

state of this sinefield.

Lines 32-34 Detonates a mine for the unaware

entity.
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Lines 35-37 Only changes the knowledge state when

it needs to be changed. This also

serves as a check to make sure the

"bull through" entity does not change

the knowledge state.

Lines 39-47 If the platoon has a plow it will

activate it, otherwise the platoon

will turn around and go back to the

decision ellipse to bypass around

this minefield.

Lines 49-137 Performs the appropriate internal

actions when the minefield is known

to exist.

Lines 50-53 If there is now a lane on this route,

the rest of the platoon elements move

free, undamaged.

Lines 54-69 If there is any cleared distance in

front of an entity, this distance is

travelled first.

Line 71 Checks the status of the platoon

plows.
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Lines 72-82 Performs certain actions when a

platoon has an alive plow.

Lines 73-76 If the platoon is already plowing,

this lead plow tank will receive a

distance to the next minefield

internal action (mine encounter), and

will continue to plow.

Lines 77-81 If the platoon has not been plowing

but has a plow or plows alive, they

will now be activated.

Lines 83-86 The platoon had in alive plow on

entry of the inefield, but it is now

dead. The platoon will now withdraw

and take a bypass around the this

obstacle.

Lines 87-89 If the "bull through" tactic is

appropriate, the platoon will begin

on an offset sequence.

Lines 90-94 If the platoon has offset or pushed

the dead plow tank before and the

pusher tank is dead (if applicable),

then an offset sequence is started or

continued.
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Lines 95-134 If the platoon had been plowing and

the plow tanks are dead, the platoon

has the option to either offset

around the dead plow or push The dead

plow tank.

Lines 97-102 This entity will push the dead plow

tank.

Lines 103-108 Changes the formation of the entire

platoon in this minefield for a first

time offset.

Lines 109-114 Upgrades the speed of the entity to

the maximua Allowed by the terrain

and it reassures that This entity is

the lead element of his platoon. A

mine detonation also occurs.

Lines 115-132 Offsets the rest of the platoon

elements if the activating entity is

at least a mobility kill.

Lines 129-131 If this is a patterned minefield and

a tank has died in this mine belt,

the other tanks in the activating

entity's platoon must still go

through this same belt.
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Lines 135-137 Obtain a now aine encounter distance

and update the TRAF.CONTROL array.

CODE

1 ROUTINE BF.INTERNAL GIVEN A
2DEFINE A FLD KNOW.LEVEL BUMP NUN OBS MUM STAT PLOW

3 IICREf5ENT6,TNK, TAP.FOiRM H~ MEGEA VARiABLE§
54 DEFINE CUM.DIST.CLAR DRA1I,NOV.DIST

AS REAL VAIABLES
5 SUBSTITUTE THESE 3 LINES FOR MATRIX.UPDATE
6 LET TRA?.CONTROL(OBS.NUM.,ROUTE(A) ,3)=

CUM.DIST. CLEAR*FLD.INT. DIST (A)
7 LET TRAF.CONTROL(OBS.NUMUROUTE(A) .4) 1Z.N.3S(L

8 LET TRAP CONTROL(OBS.NUB ROUTE'A),) FLDPINT.DIT+
9 LET FLD = FLD.N O(A)''

10 LET KNOW. LEVEL =1IT.* F (P6. FLD (FLD))
11 LET OBS.IUM = NAN.FLDJ LLD)
12 LET BUMP.NUM=INT.F(TRkF.CONTROL (OBS.NUM ROUTE (A),
13 LET CUM.DIST.CLEAR= TRAF.CONTROL (OBS.NU&i,ROUTE()3
14l LET INCREMENT -BUNP.NUH - TBUNP.NUA (A)15 IF SYS.TYPE(A) = 3 ''DISMOUNTED INFANTR
16 CALL POP.A.MINR GIVEN A
17 IF KKILL A) NE 1 11A SOLDIER HIT IS DEAD
18 CALL AINE .SCHED GIVEN A, FLD
19 ALWAYS
20 RETURN
21 OTHERWISE
22 IF TRAF.CONTROL (OBS.NUMIROUT(A) 2) 0.0 OR
23 TRAP. CONTROL (OBS. NUN ROU 0()2 ~1o
24 IF TRAF.CONTROL COBS. N DI OUTZ A
25 LET KNOV.LEVEL a 0 . TC)~ .
26 ELSE
27 LET KNOW.LEVEL - 1
28 ALWAYS

~ Lfk TRAkF.CONTBOL(OBS.NUB,IOUTE(A),2) - 5555.0
31 IF KNOW.LEVEL # NO KNOWLEDGE EXISTS

IF KNOW.LEEL EQ 0iiCALL POP.A .RNE (A)
34 ALWAYS

35 IF P6.FLD(FLD) LT 2
36 LET P6.FLD(FLD) a 2 Of KNOWLEDGE EXISTS
37 ALWAYS
38 IF TRAF.CONTROL (015.1DM ROUTk)2NE55.

''DROP PLOW OR GO BARKT(h) E55.
39 CALL PLW.ALIVE GIVEN A YIELDING STAT.PLOW
140 IF STAT.PLOW EE QI 'DROP/ACTIVATE THE PLOW
141 CALL DROP.PLOW GIVEN AkFLD
£42 LET T3UNP.NUR1(A) - BUMN.MUfl.
143 NATRIX.UPDATE
144 RETURN
145 OTHERWISE "1GO BACKWARDS TOWARD DECISION FIELD
46 CALL WITHDRAW GIVEN A
147 RETURN
48 OTHERWISE ''BULL-TBRU
'49 ALWAYS ''KNOWLEDGE EXISTS ABOUT TEE MINEFIELD
9 0 IF TRAP.CONTROL (OBS.NUSROUTU(A),3) EQ ftIIF.C
1 LET FLD.INT. DIST ( A) -

RETURN TRIP. CONTROL (OBS. 9 9,20 UTZ(A) ,3)
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54 IF INCREMENT GT 0
55 IF INCREMENT EQ I
56 LET FLD.INT.DIST(A =

TR AF. CONT ROL (OBS. NUH, ROUTE (A) ,4)

CALL MOMENTUM GIVEN A,BUMP.NUMYIELDING MOV. DIST
59 LET FLD.INT.DIST(A) = NOV.DIST
60 ALWAYS
61 LET TBUMP.NUN(A) = BDUP.NUH
62 FOR EVERY TNK IN PLT.UNITIPLT AI)
63 WITH SYS. TPE(TNK) NE 3, DO
64 IF FLD.FORN(TNK) GT TMP.FOR
65 LET TMP.FORB = FLD.FORM(TNK)
66 ALWAYS
67 LOOP
68 LET FLD.FORA(A) = TMP.FORM
69 RETURN
70 OTHERWISE
71 CALL PLW.ALIVE GIVEN A YIELDING STAT.PLOW
72 I? STAT.PLOW EQ 1
73 IF PLT.COND(PLT{A}) EQ 2
74 CALL MINE. SCuD GIVEN A, FLD
75 LET TBUNP.NU(A| = BUMP.NUM+
76 ELSE ''TO DROP PLOW
77 CALL DROP.PLOW GIVEN A FLD
78 LET TBUNP.NUM(A = BUM§.NUM+1
79 ALWAYS
80 HATRIX.UPDATE
11 RETURN
2 OTHERWISE "THE PLOWS ARE DEAD83 IF PLT.CONDjPLT(A))E I

83 I 'GO BAC WAR S VO RD DECISION FIELD
84 CALL WITHDRAW GIVEN A
85 RETURN
81 OTHERWISE

IF PLT.COND(PLT4 A)) EQ 0 ''BULL-THRU CASE
88 GO TO '0 FSET'
89 OTHERWISE
90 IF PLT.COND(PLT(A) GE 3

''PUSHED OR OFFSET BEFORE
91 IF STAT.PLOW LE 3

''PUSHER OR LEAD TANK DEAD
92 GO TO 'OFFSET'
93 OTHERWISE
94 ALWAYS ''PUSHER OR LEAD TANK STILL ALIVE
95 IF PLT.COND(PLT(A)} EQ 2

''HAD BEEN PLO W G BUT PLOW DIED
96 LET DRAW = UNIFORM.F(0.,1.,7)
97 IF DRAW LE P5.FLDAFLD)

''PUSH THE DEA PLOW TANK
98 LET FSPEED.PAC(A) P11.FLD(FLD)
99 LET PLON.COND(A) 4

100 LET DEFNUH(A) T4 ,'1/2'.  CALL HIDER(A)
101 LET PLT.COND(PLT(A)- 4
102 ELSE ''OFFSET ARON D ,EAD PLOW TANK
103 FOR EVERY TIK IN PLT.UNIT(PLT (A))
104 WITH SYS.TYPE(TNK) NE 3, DO
105 IF FLD.NO(TNK EQ FLD
106 LET FLD.FORH (TNKI

IN T.F(P7.FLD(FLD)) 1107 ALWAYS
106 LOOP

11 'OFFSET' LET FSPEED.FAC(A) - 1.0
110 LET PLOW.COID (A) = 3
ill IF PLT.COND(PLT(A)) NE 0

''NOT BULL-THRU CASS
112 CALL POP. A. MINE (A)

2
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113 ALWAYS
114 LET PLT.COVDIPLT8A)
115 IF KKILL (k) - 1 R KILL(A)

16 FOR EVERY TNK IN PLT.UITA(PLT(A))
117 WITH SYS.UYPE(TNK) ME 3 DO118 I? KKILL(TNK) HE I ANDESKILL(TilK) ME I
119 I1 ELD. NO[TNKjE j LD120 IF PLD.FOR (T K) LT

121 IT. F (P7. FLD (FLD)
''BULL-THRU OFFSET

122 LET FLD.FOREATNK1
IN T . F (P7.FLD ) |*

123 ELSE' 'REGULAR OFFSET
ADD 1 TO FLD.FORf (TNK)

ALWAYS
126 ALWAYS
127 ALWAYS
128 LOOP
129 IF P3.FLD(FLD) GE 3 AND

P3.FLD(FLD) LT 6130 RETURN

]]IALW AYS
ALWAYS

133 ALWAYS
134 ALWAYS

CALL BIE.SCRED GIVEN A, FLDNATRIX. UPDATE
137 LET TBURP.NUR(A) BUEP.NUN*
138 RETURN
139 END
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9. Roinj..U. ..

j' Purpose

Routine HF.EZIT performs the minefield exit actions

for the activating/moving entity. This routine is called

from routine FLD.ACT.

Given Arguments Integer

A

Pointer to the entity that activated the
minefield internal action.

Global Variable Real

TRAF.COYTROL (3-D) (Appendix A)

Permanent Attribute Integer

PLT.CO1D (I-D)

This attibute of the PLATOON LEADER keeps track
of the present action ;tatus of the platoo4 in
a minefield. (i.e. ploing, offsetting, pushing,
etc.)

Recursive Variable Integer

FLD- Pointer to the field in question.

OBS. NUK

Receives the value of the field attribute
NA.?LD. This is the sequential id number in
order of field creation.

Routines Called
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HIDER

A Routine used to determine the micro-terrain
elevation for a selected element.

Temporary Attribute Integer

DEFNUH

The current position or activity of an element.
I full defilade

fret .eft.lade
hal veh.icip ldfi lade
ovtng (eq ilade deterained by

the terrain model)
6 Reached final area in movement

DIRC. ON. RT

Indicates whether or not a vehicle is moving
forward or backward on his route.

0 Vehicle is moving in order of
increasing MCP numbers along the
route (f orward) .1 Vehicle s moving in order of
decreasing .CP numbers along theroute. (backward)

FLD. FORM

This unit attribute gives the entity the
abilitZ to change formations when encountering
an obs acle.

FLD.N0

Name of the field involved in any pending
internal action.

N E. lLD

This is the sequential id number in order of
field creation.
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PLOW. COND

This unit attribute gives the tank the ability
to have a mine plow characteristic.

O-no plow available
1-plow availanle but not in use
-Diow being us d

3-lead vehicle in offset4-tank that is pushing dead plow tank

PLT

The number of the platoon to which the entity
belongs.

BOUTS

Indicates the number of the route along which
the element is travelling.

0 Not using a route

ST S .T PE

This represents the general class of the system
of the entity.

1 tanks
2 aounted infantr
3 issounted nfalt y

4 a
a r defense

7 bankr
8 comm/ew/acq/intel
9 other

TBUP. lUU

This unit attribute allows the entity to move
in a very det siled manner as a member of his
platoon when in an obstacle field.

Temporary ttribute Real

rS PaD. FAC

This unit attribute gives the entity the
ability to slow down because of obstacle
encounltr.
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P1 .FLD

The activation level of the ainefield.
0 Not activated
I Activated patterned ainfiqld

* of mines Activated scatt erable milneriel d

P6 .FLD

knowledge level of this minefield.
0 no knowledge exists

knowledge exists
kn9vledge exists and a lane
exists.

Brief Explanation

Lines 3-5 If the entity is dismounted infantry,

do nothing.

Lines 9-18 Updates the TRAP.CONTROL array for

this cleared lane and lets others

know that a lane exists on this route

through the minefield.

Lines 10-12 Does not let the knowledge level

change if the entity has not hit or

seen a nine.

Lines 13-15 Prevents TRAF.COUTROL array changes

when the minefield is not activated

yet.

(
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Lines 16-19 If the entity was the push tank or

&the lead elemont, then this status of

the entity no longer holds.

Lines 21-23 Re-initializes changed entity

attributes.

CODE

1 ROUTINE SP.EXIT GIVEN A
2 EINE A FLD OBS.NUN AS INTEGER VARIABLES
3 IF SrS.T23(1) = 3 ''DISOUNTED INPANTRY

4 RETURN
5 OTHERWISE
6 LET FLD a PLD.N
7 LET OBS.NIU a NA .PLD(SLD)
8 LET FSPNED.FAC() A 1.
9 IF DIRC.Oi.RT(M)'a 0

13 1? P1.?LD(FLD) Nie 0.0 91ACTITZ ffIXZFIZLD
14 LET TRAY.COVTEOL(OBS.NUB, ROUTE(A),3) - RINF.C

16 IF PLOW.COD (A) GT 1
17 LET DEFNU(f1) a 5 'MOVING' I CALL HIDER(1)is LET PLOWoCO(D(A) 0,
19 ALWAYS
20 ALWAYS

i LET FLD.FORN(Al - 0
LET TBUNP.NUH A)- 0

3 LET PLT.COND(PLT (A)) 0
24 RETURN
25 END
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10. !.4v IkLl

Purpose

Event HALT stops the moving entity. This event is

important because it allows the user to get out of the

PLD.ACT and MOVE routi~nes. This event is scheduled from

routines DEOP.PLOV, WITHDRAW, GAP.RNTRK, and GAP.INTERNAL.

Given Arguments Integer

B - The pointer to the entity that has

activated this stop event.

Temporary Attribute Integer

MV.STATR

The primary control variable for initiating andstopping movement.
0 in position, do not move.
1 Pi st Call tomno ye, do a route

select and start to move
2 Contnue movement along a

evious1y elected route.
3 Ur alon tthe route.
4s Next gt pox on has been reached,

5 F~nalo;;mition has been reached,
never move again.

SLOW. DOWN

This variable is an argument for event HALT.
itcajries the number of the entity to be

Brief Explanation
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Lines 1-5 Changes the EV.STATE of the entity so

that it will slow down and stop

moving.

CODE

1 EVENT HALT GIVEN B
2 DEFINE B AS AN INTEGER VABIABLE
3 LET MV.STATE(B) - 3
4 RETURN
5 END

(
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IPurpose
Event TURN.ABCUNI turns the entity around in the

opposite direction of present travel. This event is

scheduled from Routines SP.DECISION, WITHDRAU, GkP.DECISiOV,

GAP.ENTRY, and from event HEAVY.JUnK.

Given Arguments Integer

B - The pointer to the entity that is going
to turn around.

Recursive Variable Integer

THP. ARIA

This variable stores the value of the
STATE.&BEA so that the values of START.ARIA
and ED Ah can be switched.

Temporary Attribute Integer

END. AREA

The number which identifies the ending
movement area for this entity.

KI ILL

Indicates whether an entity has sustained
a catastrophic kill.

0 so
I you

HK ILL

Indicates whether an entity has sustained
a mobility kill.

0 No
1 yen
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START. ARHA

The nuaber which identifies the starting
movement area for this entity.

TM IST

This variable is an argument for event
TURU.AROUND, it carries the number of the
entity to be turned in the opposite direction.

Brief Explanation

Lines 3-7 Switches the ST&RT.AREA and EMD.AREA

of the alive entity in question.

CODE

I EVENT TORN.AROUND GIVEN B
2 DEFINE B,TRP.AREA AS INTEGER VARIABLES
3 IF URILL4B) V2 1 AND 8KILLf1) 12 1
4LET THPoAREA = START.AREA(B)

5 LET STkRT.kRU&(B) - !D.k iE (B)
6 LET END.AREA(B) = THP.AREA

7ALWAYS
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12. Evet TAN..10

4 Purpose

Event STAND.TO starts the activating entity moving

again. This event is scheduled from routines DROP.PLOW,

WITHDRAW, and G&P.INTERNAL. It is also scheduled from

events GAP.BREACH, HEAVY.JUNK, and GAP.JOCK.

Giv.n A=gument Integer

B - The pointer to the entity that is going
to start moving again.

Temporary Attribute Integer

BAGGED.BOY

This variable is an argument for Event
STAND.TO. It carries the number of the entity
to be moved.

KILL

Indicates whether an entity has sustained
a catastrophic kill.

0 no
1 yes

SKILL

Indicates whether an entity has sustained
a mobility kill.

0 no
1 yes

NV. STATE

The primary control variable for initiating and
stopping movement.

0 In position, do not move.
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1 First call to move, do a route
seleot and start to move

2 Continue movement along areviously selected route.st R alo4q.the route.
ex. posiion has been reached,so stop.5 Final position has been reached,

never move again.

Temporary Attribute Real

SPD

The entity's speed at the end of the most
recent movement update.

T. SPD

The simulation time at which the lost recent
movement update ended. The time that SPD was
last set.

Brief Explanation

Lines 3-7 Starts the entity moving again now

from a standstill.

CODE

1 EVENT STAND.TO GIVEN B
2 DEFINE B AS AN INTEGER VARIABLE
3 IF XKILL(B) NE I AND MKILL(B) NE 1
4 LET T.SPDIB} = TIdE.V
5 LET EV.ST T (B) 2

LET SPD (B) =0.07ALMST
8 RETURN
9 BED
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13. Zvnt- IVERT

Purpose

Event DIVERT allows/triggers lateral movement for an

entity going from one decision ellipse to another. This

event is scheduled from routines 11.DECISION and

GAP. DECISION.

Given Arguments Integer

3 - The pointer to the entity that is going
to start lateral movement.

MCP

This argument carries the movement control
point that will cause lateral movement.

RT

This argument carries the route number that
will cause latoral movement.

Temporary Attribute Integer

BYPASS

This variable is an argument for event DIVERT.
It carries the route number that will cause
lateral movement.

DIRC. ON. 9T

Indicates whether or not a vehicle is moving
forward or backward on his route.

0 Vehicle is moving in order of
increasinIn CP numbers along the

I Vehce h . moving in order of
decreasing .BCP nulbes along the
route. (backward)
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FO RACOD B

The formation number of the formation to be
used by the platoon.

0 Not in formation, vehicle moves
along route without offset.

HOLD. FORM

This unit attribute is a storage place, where
the units formation number for the platoon
(FORM&CODE) can bq placed when lateral route
movement is appropriate.

HO E

This variable is an argument for event DIVERT.
It carries the MCP number that will be cause
lateral movement.

NIXT.CP

movement control point number (on the
designated route) toward which the element is
now moving.

0 end of route has been reached

9O UTZ

Indicates the number of the route along which
the element is travelling.

o not using a route

SIDE. STEPPER

This variable is an argument for event DIVERT.
It carries the number of the entity to be moved
laterally.

Brief Explanation
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Lines 3-4 Directs the entity to go to a

4 movement Control Point on a new

route.

Lines 5-6 Enables the entity to move straight

to the MCP on this new route.

Line 7 makes sure the entity is not moving

backwards (away from the attack).

CODE

1 EVENT DIVERT GIVEN B, RT, 8CP
2 DEFINE B RT. 5CP AS INTEGER VARIABLES
3 LET ROUTi(B) aNT
4 LET NEXT. C (B)t - CP
5 LET HOLD.OBB(B) u FORBACODE(B)

LET FOREACODE B1
7 LET DIRC.ON.RT(B) = 0
8 RETURN
9 END
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1 4. A2I1!2mos

Purpose

Routine HOMRETUR allows a platoon member to move

over the remaining cleared distance on a route through a

minefield. This routine is called from routine HF.ITERIAL.

Given Arguments Integer

B - The pointer to the entity that needs a
distance to to travel in the minefield
to keep up with his platoon.

BURP

Carries the number of move increments that have
been made clearing the appropriate route in
aestion. Its value is taken from the
RAF.COITROL array.

Yielding argusent Real

KOV.DIST

This is the distance to the lead tank in the
platoon from the activating entity.

Recursive Variable Integer

TYK

Pointer to an element in the platoon of the
activating entity.

Recursive Variable Real

AOV. LRG

This is the distance left to be cleared on a
route through the inefield.
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~Set

PLT.UNIT 
(1-D)

This set is owned by the -peranent entitzplatoon leader, It contails the list o
temporary entities owned by this platoon.

Temporary Attribute Integer

PLT

The number of the platoon to which the entity
belongs.

SYS.T YP

This represents the general class of the
system of the entity.

1 tanks
2 mounted infantry
3 dis!!ynted infantry

5 a
6 air def ense
7 bunker
8 cos/ew/acq/intel
9 other

TBUHP. VUM

This qnit attribute allows the entity to move
in a very detailed manner a* a member of his
platoon when in an obstacle field.

Temporary Attribute Real

FLD.BDT. DIST

This is the distance from the entity to the
nearest field boundary.

FLD. INT. DIST

This attribute of an entity contains the
distance to a pending fiell internal action.
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Brief Explanation

Lines 4-8 Searches the platoon members to find

the lead vehicle and his distance to

clear the entire lane in the

minefield.

Line 9 Obtains the distance that has already

been cleared in front of the

activating entity.

CODE

1 ROUTINE HOBENTUK GIVEN DBUBP YIELDING 8OV.DIST
2 DEFINE B BUNPTNK AS INTEGER VARIABLES
3 DEFINE O6V.DISToNOV.LENG AS A REAL VARIABLE
4 FOR EVERY TMK IN PLT.U1IT(PLT(B)) ITH

IF TBUP.NUE(TK) EQ BUP NE 3 Do

LET HOV.LNO =
FLD .BD. DIST (TYK) -PLD. IVT. DIST (TNK)

8 LOOP
9 LET NOV.DIST = FLD.DDY.DIST(B)-MOV.LNG
10 RETURN
11 END
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15. tineI.L_!. AM,

Purpose

- Routine PLV.&LIVE checks the status of the platoon's

plows. It also checks to see if a platoon member is a push

tank or the lead vehicle participating in an offset. This

routine is called from routines IIF.DBCZSION, HF.EBTRY, and

3F. INTERNAL.

Given Argument Integer

B - The pointer to the entity that needs a
status on the plows within his platoon.

Yielding argument Integer

STIT. PLOU

This variable gives the platoon's status of
mine plows.

O-no plow available
1-low avaiable but not in use
2-p ow beling used
3 -platoon ts offs9tting
,-p latoon is pushing a dead plow tank

Recursive Variable Integer

J - Receives the status of the platoon plows.

TnK

Pointer to an element in the platoon of the
activating entity.

Set

(
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PLT.UNIT (l-D)

This set is owned by the permanent entity
platoon leader. It contains the list of
emporary entities owned by this platoon.

Temporary Attribute Integer

KKILL

Indicates whether an entity has sustained a
catastrophic kill.

0 No
1 yes

HK ILL

Indicates whether an entity has sustained a
nobility kill.

0 1o
1 yes

PLOW. COND

This unit attribute gives the tank the
ability to have a ine plow characteristic.

O-no plow available
1-plow av ilable but not in usei- 1 be d

5-tank that is pushing dead plov tank

PLT

The number of the platoon to which the entity
belongs.

Brief Explanation

Lines 3-20 Searches the platoon for its highest

plow condition/status. The platoon
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can only have one such nuber at a

tine.

CODE

1 ROUTINE PLW.ALIVE GIVEN 8 YIELDING STAT.PLOW
2 DEFINE B TNK J STAT.PLOW AS INTEGER VARIABLES
3 FOR EVERf THE IN PLT.UIIT (PLTIB) D
16 IF KXILL(TNK) EQ I OR SZILL(Tkc) EQ 1
5 CYCLE
6 OTHERWISE
7 LET J = PLOW.COND (TK)
8 IF J 1
9 LET STAT.PLOU = 1

10 RETURN
11 OTHZRI3
12 IP 313 LET STAT.PLOU" 3
14 RETURN
15 OTHERWISE
16 IF J 4
17 LET STAT.PLOV = 4

RTURN1 OTHERWISE

LET STAT.PLOV a 0
RE TURNt END R

2
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Purpose

Event QUIX.MOVE updates the location of an entity.

This event continues to update locations for a certain

number of times at a prescribed interval. Event QUII.1tOVE

is scheduled from routines F.DECISIOM, B?. ENTRY, and

GAP. DECISIOM. It is also scheduled from events QUIK.MOVE,

VALL.BREACH, GAP.BREACH, HEAVY.JUNK, and GAP.JOCK.

Given Arguments Integer

B - This argument carries the number of the
entity to be moved.

COUNT

This arqument carries the number of iterations
of scheduling left for this event to perform.

Given Argument Real

INTERVAL

A constant term that is set so that element
locations are u dated every five seconds
during a small ortrion of the siaulation.

Routines Called

LOC

& routine used to determine whether movement
is possible and to initiate a call to NOTE.

Temporary Attribute Integer
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KKILL

Indicates whether an entity has sustained a
catastrophic kill.

0 no
I yes

[KILL

Indicates whether an entity has sustained a
nobility kill.

0 no
I yes

VU H. POINTER

This variable is an argument for event
QUIK.ROVE. It carries the number of the entity
to be moved.

REP.NUBER

This variable is an argument for event
QUI. BOYE. It carries th.e number of iterations
of scheduling left for this event to perform.

Temporary Attribute Real

INT. TIE

This variable is an argument for event
QU9K. HOVD. It carrios the time interval number
when the next event is to be performed.

Brief Explanation

Lines 4-6 Updates the location of the entity,

decrements the number of future

schedulings, and schedules another

event.

(
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CODE

1 EVENT QUIK.MOVE GIVEN B, COUNT, INTERVAL
DEFINE B COUNT AS INTEGER VARIABLES
DEFINE INTERVAL AS & REAL VARIABLECALL LOC (B)

5 IF COUN T AND KKILL(B ME 1 AND 11KILL[B) ME 1
6 SCHEDULE A QUIK.oOVE GIVEN B, COUNT-I, INTERVAL IN

7 ALAS INTERVAL UNITS
8 RETURN
9 END
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17. Rou "._Ej . SCHE R

Purpose

Routine MINE.SCHED produces the distance that an

activating minefield entity has to travel in order to

encounter a mine. This routine is called from routines

DROP.PLOW, MP.ETRY, and MF.INTERNAL.

Given Arguments Integer

FLD- Pointer to the field in question.

VEH- Pointer to the element being moved.

Global Variable Real

TARDIN (3-D)

Contains the target dimensions of all entity
types in the simulation. This is indexed by
SYS.TYPE and PN.TYPE of the element.

Permanent Attribute Integer

NIT.BELT (1-D)

This PLATOON LEADER attribute stores the number
of the next mine belt to be encountered in the
minefield. It allows the platoon to move
through a minefield as an organized unit.

Recursive variable Integer

TNK

Pointer to an element in the platoon of the
activating entity.
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Recursive Variable Real

ANGLE

Set to the direction of moveaeat of the entity.

DR AW

Contains the value of a random number from a
Uniform (0,1) distribution.

EXPECT.IST

The reciprocal of the width times the density
of the scatterable minefield.

MF.DENSITY

Is the number of mines in the minefield divided
by the area of the field.

TETA

Is the direction of movement of the entity
minus the orientation angle of the ellipse.

WIDTH

Takes on several values during this routine
depending upon the situation.

Trip wire length (TWL) - If infantry in an
anti-personnel frag field.

Two times tle TVL plus the. TV - If a
vehicle is in an anti-
personnel f;aq field.

vehicle width - If a venjcle is in an
anti-tank ioId.

Set

PLT.UNIT (1-D)

This set is owned by the permanent entity
PLATOON LEADER It contains the list of
temporary entities owned by this platoon.
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* Temporary Attribute Integer

4COLOR

Indicates the color of the element.
0 red (attacker)
1 blue (defender)

FLD.NO

Name of the field involved in any pending
internal action.

INk M.FLD

This is the sequential id number in order of
field creation.

NAME

The element number of the entity.

PLT

The number of the platoon to which the entity
belongs.

SYS.TYPE

This represents the general class of the
system of the entity.

I tanks
2 mounted infantry
3 ismounted infantry

a tilleryair
6 air defense
7 bunker
8 con /ew/acq/intel
9 other

275



WHAT. BLT

This entity attribute keeps the updated belt
number that is to be encountered next.

WPN.TYPE

Describes the specific system within the system
code. For example syste type I is a tau and
weapon type four for this system indicates anAVLB

Temporary Attribute Real

ANGLE. FLD

Orientation angle in radians measured
counterclockwise from the east to the major
axis of the elliptical field.

AREA.FLD

This field attribute carries the area of the
field in meters squared.

DIR.OF.NVHT

Indicates the entity's direction of movement
measured in radians from east.

FLD.INT. DIST

This attribute of an entity contains the
distance to a pending field internal action.

P I.FLD

The activation level of the minefield

0 not activated
1 activated patterned ingfied

# of mines activated scatterable sinef eld

P2.FLD (appendix D)
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P 3. FLD

Mine Type (1-11)
1 M70 Scatterable Anti-tank minej NJ6 Scatterale 4nti-tank pine

I Han-emp aced knti-tanK mine
4 15 Hand-emplaced Anti-tank mine5 19 Ha nd-emplaced Akti-tank mine
6 M114 Anti-personnel blast m.ne
7 825 Anti-personnel blast mine
8 116 Anti-personnel frag mine
9 ADAM Anti-personnel frag *ine

10 874 Anti-pergonne fraq mine
11 Claymore Anti-personnel frag mine

SAMAJ.PLD

The semi-major axis length of the elliptical
field.

X. CURRENT

The I-coordinate for the entity as of the last
movement update.

T.CUIRRENT

The T-coordinate for the entity as of the last
movement update.

Brief Explanation

Lines 4-7 Checks if the minefield is still

active. This is done primarily for

the Anti-personnel inefields.

Lines 8-35 Simulates the Anti-personnel

minefields.

Lines 9-19 The Anti-personnel blast minefiald is

modelled.
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Line 10 Determines the minefield density in

mines per square meter.

Lines 11-14 Calculates the distance to a mine

encounter for a vehicle moving

through an Anti-personnel blast

minefield.

Lines 15-18 Calculates the distance to a nine

encounter for a dismounted soldier

moving through an Anti-personnel

blast minefield.

Lines 20-35 Simulates the Anti-personnel frag

minefield.

Lines 21-22 Sets the distance to a Claymore mine

detonation.

Lines 24-26 Calculates the width of the lane made

by a vehicle moving through an Anti-

personnel frag inefield.

Line 28 Obtains the effective length of the

AP frag mine in question.

Lines 30-32 Calculates the minefield density.

This density and the effective lane

width are used to obtain an average
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mine encounter distance. The

exponential distribution is then

sampled to get the actual distance to

the next nine.

Line 35 Decrements the number of sines in the

minefield.

Lines 36-58 Models the effects of Anti-tank

minefields.

Lines 38-42 Obtains a minefield density and the

width of of the activating entity.

an average distance to mine encounter

is calculated. A distance is sampled

from an exponential distribution

using the above average distance

value.

Lines 43-58 Simulates a patterned/belted

minefield.

Lines 44-47 Updates the next mine belt to be

encountered by the platoon elements.

Lines 48-54 Calculates the distance to the next

mine encounter using the distance

between the belts and the orientation

(
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of the minefield. Red/Attacking

elements only are affected.

Lines 55-57 Simulates that blue elements know

where the planned mine lanes are in

their own minefields. These

minefields have no effect on the

defender.

Lines 59-61 Dismounted infant=y will not detonate

Anti-tank mines.

CODE

1 ROUTINE HINE.SCHED GIVEN VEHFLD
2 DEFINE VER FLD,TIK AS INTEGER VARIABLES
3 DEFINE DRA 4 NF.DENSITY EIPECT.DIST,ANGLE,THETA, WIDTH

AS RAL VARIABLES
4 IF PI.FLDAFLD) - 0.0 "1NOT ACTIVE ANY BORE
5 LET FL .INT.DIST(VEH) = RINF.C
6 RETURN
7 OTHEEISE
8 IF P .FLD(FLD) GE 6 $'ANTI-PERSONNEL NINES
9 IF P3.FLD(FLD) LT 8 '' RIUZ.TYPE.AP BLAST

10 LET SF. DENSITY = P1 * FLD (PLD) /AREA. FLD (FLD)
"t P1.FLB =IUHBER.5WNES

11 IF SYS.TYPE(VZH) NE 3
12 LET WIDTH a

TARDIS (SYS. TYPE (VER) ,PN. TYPE (VEH) ,6)
13 LET EZPECT.DIST =

.O/(WIDTHSSI. DENSITY)/3.0
14 LET FLD.INT.DIST(V H) a

15 ELSE ZEPOKNTIAL. F (BXPECT.DIST,7)
16 LET DRAV-U1IFOR.F(0.,1.,7)
17 LET DRAW-i-DRAW
18 LET FLD .NT. DIST (VEH
19 kLVAYS ((-2. 5) *LOG.E.F (DRAg))/(F. DENSITYO. 12)

20 ELSE 0'SINE TYPE =a P FRAG
21 IF P3.FLD(FLD) EQ 11.0

#'CLAY ORE SIE 14 BY 24 BY 90 DEGREES
22 LET FLD.INT.DIST(VBH) - .2*SABAJ.FLD(PLD)
23 ELSE
24 IF SYS.TYPE(VZH) ME 3
25 LET IDTH a

TARDIN (SYS. TYPE (YES) ,PI. TPE(YVH) W24 (P2.FLD(FLD)/.10

( ALULISWIDTH aP2.FLD(FLD)/.707" ALNkYS
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30 LET MF.DENSITY P1.FLD (FLD)/AREA.FLD(FLD)
31 LET EXPECT.DIST 1.0/(iIDTH 8P.DENSITY)
32 LET FLD.I TSTSTE~

33 ALWAYSLFEXEC.DST7
33 ALWAYS
35 SUBTRACT I FROM P1.FLD(FLD)
36 ELSE "'ANTI-TANK MINES
37 IF SYS.TYP! (VBi) BE 3 "'SORE TYPE OF VEHICLE
38 IF PE. FL LD) LT 3

39 1 0 PiFLD ; 81HE TYPE // SCATTERABLE MINES
39LET NF.DENSITTYx P1.FLD(FLD)/AREA.FLD(FLD)

L;'P1.FLD =NUNBER.MINES40 ET WIDTH a
111 LE EIPET.DIBSTS.iTYPE jVEH ~WPM. TYPE4IVEH) ,6)

'42 LET FLD.INT.DIST(VEH)
EXPONENTIAL IF (EXPECT. DIS T, 7)

43 ELSE ''A BELTED HINEFIELD
44 ADD 1 TO NXT.BELT (PLT (VEH)
45 FOR EVERY TK IN PLT. UNIT% WF?(EB))
46 *WITH S. TYPE ANK) BE 3
47 LET WHAT.BILT(TNK) :IZT.BELT IPLTL E)
48 IF COLOR(VBH) - 0 ''ED FORCE WILL HITf MINES
49 IF DIR.OP. B VTgVEH LT 0.0

50 LET ANGLE a H0RDIAN .C + DIR.OF.MVBT(VEH)
51 ELSE LET ANGLE - DIL.OF.MiVMT (TEN)
52 ALWAYS LET THETA a ANGLE - A GLE.PLD (FLD)
53 ''P2.FLD - BElT.SEPkRATION
54 LET PLD.INT.DI!T IVEH

P .FD (FLD) /ABS F SIN.F (THETA))
.J5 ELSE "BLUE FORCE KNO S W ERE TiE LANES ARE

6 ~LET FLD.INT. DIST (VR) - RINF.C
57 ALWAYS
58 ALWAYS
59 ELSE ''DISHO03TED INFANTRY IN A AT MINEFIELD
60 LET FLD.INT.DIST (VE) -RINF.C

SI ALWAYS
alALWAYS

63 PRINT I LINE WITH NM(VEH' X.I RNT R C
Y.CUERENT VEII TIMI V URN(E)

64 VAM.PLD(PLD) ,LD. Iil. bIST(VEHL AS FOLLOWS
MINE DET SCuED VEH* LOCH N****** Tn*** FLDm*

65 RETURN
66 END
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Purpose

Routine GAP.DECISION alloys the entity and his

platoon the options of going to the gap obstacle to attempt

a bull through or breach, and the option to bypass or lane

select, whichever is applicable. Thiz routine is called

from routine FLD.ACT.

Given Arguments Integer

A

Pointer to the entity that has entered the
decision ellipse.

nLD- pointer to the field in question.

Events Scheduled

DIVERT (this appendix)

QUI.BOVE (this appendix)

TURN.AROUND (this appendix)

Global Variable

PLD.POINTZR (1-D) INTEGER

This 1-dimensional array contains the temporary
field pointers. This enables the user to
access the obstacles by us.ng the sequential
order numbers given the fields on input.

TRAF.CONTROL (3-D) REAL (Appendix A)
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Recursive Var iable Integer

BRIDGE.STT

Contains the status of the AVLB in the platoon.

COUNTER

Contains the number of five second move
increments to get from the decision ellipse
through the obstacle under the worst of
conditions.

EQUIP.STAT

Contains the status of the blade tanks in the
platoon.

I - Index for a do loop.

KNOV. LEVEL

Contains the value of the field attribute
P6.FLD. This is the state of intelligence
known about the obstacle.

0 no knowledge exists
2 kno ledge exi .ts
3 knugv edge exists and a lane

exists

03S. FLD

The temporary field pointer of the obstacle.

OBS. NUN

The number of the obstacle to our front. This
umber is taken from the field's sequence onn put.

Recursive Variable geal
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DIST.AW!Y

This is the distance to the obstacle from this
decision ellipse.

INTERV

A constant tern that is set so that element
locat ons are updated every five seconds during
a smal portion of the simulation.

SHIO. 0BS

Receives the value in meters of the semi-minor
axis of the gap obstacle ellipse to the front.

Routines Called

JUNK.kLIVE (this appendix)

Temporary Attribute Integer

BYPASS

This variable is an argument for event DIVERT.
It carries the route number that will cause
lateral movement.

DIRC.0. RT

indicates whether or not a vehicle is moving
forward or backward on his route.

0 Vehicle is moving in order of
increasig MCP nubbers along the
roule (fnrward)

1 Ve hc (s moving in order of
decreasing MCP numbers along the
route. (backward)

RID. AREA

The number which identifies the ending movement
area for this entity.
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FLD. AKT

Code describing the kind of action for pending
internal actions.

FLD. NO

Name of the field involved in any pending
internal action.

FORMACODE

The formation number of the formation to be
used by the platoon.

0 not in formation, vehicle moves
along route without offset.

HOLD. FORM

This unit attribute is a storage place, where
the units formation number for the platoon
(FORE ACODE) can be placed when lateral route
movement is appropriate.

HOME

This variable is an argument for event DIVERT.
t carries the MCP number that will cause

lateral movement.

NEXT. NCP

Movement control point number (on the
designated Route) toward which the eleuent is
now moving.

0 end of route has been reached

NUH. POINTER

This variable is an argument for event
0IK. ROVE. It carries the number of the entity

?o be moved.

2
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REP. NUMBER

This variable is an argument for event
QUIK.MOVE. It carries the number of iterations
of scheduling left for this event to perform.

ROUTE

Indicates the number of the route along which
the element is travelling.

0 not using a route

SIDE. STEPPER

This variable is an arguaent for event DIVERT.
It carries the number of the entity to be moved
laterally.

ST kRT. LEA

The number which identifies the starting
movement area for this entity.

SYS.TYr.'

This represents the general class of the system
of the entity.

1 tanks
2 m Qunted infantry
3 d sounted infantry
'4 at i lery
5 ar
6 air defense
7 bunker
8 comm/ew/acq/intel
9 other

TWIST

This variable is an argument for event
TURN.-AROUND. It carries the number of the
entity to be turned in the opposite direction.
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TYP.FLD

FIeld type code

I - a mandatory dismount field
2 a minef4eld
3 -a minefield decision field
4 - a tank ditch
5 - a road crater
6 - a blown b ridge (short-wet gap)
7 - a gap decLslon field

Temporary Attribute Real

FLD. INT. DIST

This attribute of an entity contains the
distance to a pending field internal action.

INT.TIME

This variable is an argument for event
QUIK.EOVE. It carries the time interval number
when the next event is to occur.

P1.FLD (appendix d)

P2.FLD (Appendix D)

P3.FLD (Appendix D)

P4.FLD (Appendix D)

PS.FLD (Appendix D)

P6.FLD (Appendix D)

SAHIN.FLD

The semi-minor axis length of the elliptical
field,,

287



AD-A19 326 NAVAL POSTGAAOUATE SCHOOL MONTERY F/G 5/7
THE ENGINEER EFFECTS MODULE FOR THEf STAR COMSAT MOOEL.I(L F6J 5/
MAR 82 S C MAIN. J1 V MUDI

ONCLASSIFIED NL

EIIIIIIIIEEE
.m0M ENM.NEE,
MhMmmhhMhhhmhu
MMOmhhhhhmhMuMN
EhhhhhMH~ A4'



SPD

The entity's speed at the end of the most
recent movement update.

XC.ILD

The -coordinate of the center of an elliptical
field.

YC. PLD

The Y-coordinate of the center of an elliptical
field.

Brief Explanation

Lines 10-13 Interchanges the value of HOLD.FORI

and FORIACODE. This allows the

entity to pick upthe route formation

( if applicable.

Lines 15-19 Checks if the decision ellipse is on

a bypass around the obstacle and

takes appropriate actions if it is.

Lines 20-23 Dismounted infantry are not effected

by gap type obstacles.

Lines 24-25 Links to the knowledge attribute,

P6.nLD, of the obstacle to the front.

Lines 26-27 Turns the entity around if he is

coming back from the obstacle.
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C Lines 28-31 Allows the user to stipulate if a

bypass is a viable option or if the

entity is going to "bull through".

Lines 3-40 Sets the counter variable to the

appropriate number of QUhK. BOVE

iterations needed to get to the gap

obstacle.

Line 41 Checks on the status of the platoon's

AVLBs and dozer blade tanks.

Lines 42-57 Allows the entity that has knowledge

of a lane in the obstacle to move to

the lane, if his platoon is void of

breaching eqipment.

Lines 58-68 if the activating entity's platoon

does not possess the required

breaching equipment for the obstacle

encountered and there is knowledge of

the obstacle, then the entity can go

to his bypass route and movement

control point.

Line 70 Schedules five second movement

updates for the entities going to the

gap obstacle.
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CODE

1 ROUTINE GAP-DECISION GIVEN A, FLD
2 DEFINE A, LD OBS.I11K.,OSS.FLD KNOW.LETEL EQOIP.STAT,
3 I BEI6GE.STAT COUNTEI AS INTEGERI VARIABLES
~4 DEFINE MIERY, SSIN.6BS, DIST.AIAY AS REAL VARIABLES
5 LET FLD.I 10A) mLD

SLET PLDAKTIA1aTYP.FLD (FLD)
LET P4.FLD (FLD)- ROUTEA

8 LET PS.PLD(PLD)- NEKT.RC(A)
9 LBTmINTER? a 5.0

10 iF HLD. FORIA& 931999
11 LET FORNAC0ODE J - ODFR(A
12 LET ffOLD.FORH ED O1 (A) 9
13 ALU14a ''0=4LINK TO OBSTACLE KNOWLEDGE ATTRIBUTEt**0**
15 L3T 035.1DM - IT .i(P3.FLD(FLD))
16- -IF 035.103 a 0

"THIS ELLIPSE CIECONVENTS THE OBSTACLE
17 LET FPLD.rNT.DIST(A) - RINF*C
18 RETURN1
19 OTHERWISE
20 IF SYS.TYPEIAL a 3 ''DISEOUNTED INFANTRY
21 LET FLO. .I DIST(A) = RINF.CI13 OTH"12111

SLJ T 0 1.FLD - L.ONZ(OBSjU1[FLI

,ICONRT(IFSCISDULE A TO RN.AROUND GIVEN A NOV

ZIELSE1 P.L'~'I .

IBYPA~SS EISTS /PALSE-9O BYPASS (BULL-LANE)
30 LET TRAF.COUTROL(OBS.5UKROUT&(k)*2l;~lp&

(31 ALWAYS
H HTk"fD. '1T. DIST (At a RN.
~4 IF P6i.?LD(ID 2 L

LgI M SFl 5 AI.LD(OBS.?LD)
36 LE DST.AVAI -

SQRTF( C. FLD (?LD) -XC. ILD JOBS:.FLD )S**2
SJ7 Pf( C. FD (IDJ -rC.JD (OBS PLDI )S*2)

a LET COOSTR
IN!. 1((NEE9 (IS!.kAAY2*UBIN.03S)/SPD (A) )/INTERV)

39 LT P6.FLD (FLD) - COUNTER

44 Ak!1T3UNK LIVE GIVEN A YIELDING

41 IF KIOgiLXIEL - 3 EQUIP.STAT,BRIDGZ.STAT
43 IF YP. FD(OB5.FLD) 30 4 ''TAlK DITC51" AND
4 RonCOTOL15511 ROUTIM(~3 NE RI NF.C
4IF IQIP.STAT N E 1Il MIDE .SkoN TU I

4 R3I a I TO
47 ~ aAF~DIN. O (TS 3gONT 3D5AjS SUN

48 AND TRAF.C OlO MICH .1,2) 1 0.0
49 SCHEDULE A DIR C A

50 NT.V (!RA7.CONTEOL (05.31111

k KNOWLEV"- a2
''LANE RIISTS-NOT MRITY 20 ITS LOCATION

55 ALWAYS
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56 ALMAS
57 kLVAYS
58 IF KMOW.LEVEL *2 @'WE 1101 THE OBSTACLE EXISTS
59 IF BRIDGE.STAT NE 1 "130 BRIDGING ZJIPNZVT
60 IFP .~ OSD B Z860R E U .SATN 1
61 IF P1.? DimL) mi 0 A BWASS EXISTS
62 SC92OULE A DIVERT (AINT. FRI.FLD CYLD))
63 XIT.? (P2. FLD*(FLD) )0
64$ RETURN

OTH2RISE
ALWAYS

S A WAY
61LET COUNTER IV.?P PLD (ILD,

70 SCHEDULZ A QUIK.MOVE GIVEN A.COUITERINTERY IN

71 RETURN ITE NT
72 HID
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19. 12 1 M 1 gM .1LLI-

Purpose

Routine JUIK.ALIVE checks the status of the platoon

dozer blade tanks and vehicle launched bridges. This

routine is called by routines GAP.DECISIOI, GAP.ZWTRY, and

events HEAVY.,JUNK, and GAP.JOCK.

Given Arguments Integer

B

Pointer to the entity vho's platoon status is
being checked.

Yielding Arguments Integer

BnIDGZ.STAT

Contains the, status of the AVLB* in the
(platoon.

QUIP.ST T

Contains the status of the blade tanks
in the platoon.

Recursive Variable Integer

TINK

Pointer to an element in the platoon of
the activating entity.

Set

PLT.UNIT (I-D)

This set is owned by the permanent etit1
PLATOON LIAD31 It coatas the list of
temporary entlties owned by this platoon.
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Temporary Attribute Integer

BLADE.COND

This unit attribute gives the tank the ability
to have a dozer blade characteristic.

O-no blade available
1-b~ade available but not in use2-blade beig used or vehicle s selfbreaching

KILL

Indicates whether an entity has sustained a
catastrophic kill.

0 no
1 yes

rKILL

Indicates whether an entity has sustained a
nobility kill.

0 No1 yes

PLT

The number of the platoon to which the entity
belongs.

STS.T!PB

This represents the general class of the system
of the entity.

1 tanksRamted ifatry

I o.m9ed/acqintel
other

gp3.TI 1

C Describes the specific system within the system
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code. For example, system type one is a tank
an _eapon type four for this system indicatesan' AILD.

Brief Explanation

Lines 3-14 Checks the platoon for the presence

of alive AVLBs and dozer blade tanks.

CODE

1 ROUTINE JUUK.&LIZE GIVEN B
TfILDING EVU•P.STAT,BRXDGB.STIT

2 DEFINE 5 9 .U S TA.TIE BRIDG. ITAT1] XITEGIR ViRIABLIS3 FOR ivlSl 11 3 1 PLT.0ISL

4 IF WKILL TNKL 5E 1 Al uajm vD&N) NE5 F V 112. 05D(TYK) Qj I
LHT 2QUIP.hTAT a I

kLE iTSIF SYS.TPUTIk I

10 F I. E s IT - 4 OR PN.T!PE(TNK) a 510 LET BRXD Z.ST=1
11 ALMAYS

113 ~ALA&S
14 LOOP

I BIDI

:, r _-T . ... .=: . ... . ... . .. .. . . _ . ... _. . . . . . . . . ..... . . .... . .. . .. . ...



20. IRouti.aJ.&. oiZ.

Purpose

Routine GAP.EITRT allows an entity to take the

appropriate actions when encountering a gap type obstacle.

This routine is called from Routine FLD.ACT.

Given Arguments Integer

A - Pointer to the entity that Just entered
the gap obstacle.

FLD- Pointer to the field in question.

Events Scheduled

GAP.JOCK (this appendix)

HALT (this appendix)

HRIVT.JOmK (this appendix)

TURN.A OOID (this appendix)

Global Variable Real

TRAP. CONTBOL (3-D) (Appendix A)

Recursive variable Integer

BRIDG3.STAT

Contains the status of the AIVLB in the
platoon.

2
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NQUIP. STAT

(contains the status of the blade tanks in theplatoon.

KUow. LEW EL

Contains the value of the field attribute

boutlTis is tht state of intelligence6o4 6 ?'" abou th 'abstaclee

0 no knowledge exists
2 knowedge ez sEts
3 kngui e exists and a lane

OB S. IOU

Receives the value of the field attribute
I&E.?LD. This is the sequential id number in
order of field creation.

TIK

Pointer to an element in the platoon of the
activating entity.

Recursive Variable Real

SIT.2RP. TIER

This is the time between status checks on the
breaching operation.

Sall

This variable is set to the semi-aino: axis
length of the elliptical field in Meters.

Routines Called

a routine use4 to detezmine the sicro-terrain
elevation for a selected element.
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JUNK. ALIVE (this appendix)

Set

PLT.UNIT (1-D)

This set is owned by the permanent entitz
PLATOON LEADR, It contains the list or
temporary entitles owned by this platoon.

Temporary Attribute Integer

BL&DE.CO ND

This unit attribute gives the tank the ability
to have a dozer blade characteristic.

DRFIU

The current pcsition or activity of an element.
I full defilade¥ Tet 4e fl ae
3 hInfel i d:filade
5 movng(deilade determined by

the t r L nlodd)
6 reach rinaA area in movement

FLD. AKT

Code describing the kind of action for pending
internal actions.

PLD.PORE

This unit attribute gives the entity the
ability to change formations when encountering
an obstacle.

?LD.I!O

Name of the field involved in any pending
internal action.
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1& 3. FLD

This is the seguential id number in order of
field creation.

PLT

The number of the platoon to which the entity
belongs.

ROUTS

indicates the number of the route along which
the element is travelling.

0 not using a route

SABOT. SHOOTER

This variable is an argument for event
GAP.JOCK. It caries the number of the
activating entity.

SLOW. DOCI

This variable is an argument for event HALT.
It carries the number of the entity to be
stopped.

STATUS

This variable is an argusent for event
IATT. JUNK t carries te number of the
entity to be upiated.

STS.TTPR

This reptesents the general class of the system
of the entity.

I tanks
ated infantyd:. ,p~tef £Nfa1try i

Imei ease
a UoSm/em/acg/intol
9 othor
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TWIST

This variable is an. argument for event
TURN. AROUND. It carries the number of the
entity to be turned in the opposite direction.

TYP. FLD

Field type code.

1 - a mandatory dismount field
2 - minef Seld
3 a minefileld decision field

- a tank ditch
5 a road cratqr
6 a b own bri ge (short-vet gap)
7 - a gap decision field

VPN.TYPZ

Describes the specific system within the system
code. For examplec system type 1 is a tank and
weaon type four for this system indicates an

Temporary Attribute Real

FLD.INT.DIST

This attribute of an entity contains the
distance to a pending field internal action.

PI.FLD

This gap field attribute is a flag that
specifies activation state.

0 not activated yet
1 this is an actiye gap obstacle

P6.FLD

This is the state of intelligence known about
the obstacle.

0 no knowledge exists
2 knowledge exists
3 kngledge exists and a laneexj.S1 s

299

__ I



P7. FLD

This minefield attribute contains the lane
formation number.

SAaIN.1LD

This field attribute is the semi-minor axis
length of the elliptical field in meters.

Brief Explanation

Lines 16-19 If the obstacle is not activated yet

then the activating entity is allowed

to move freely through this field.

Lines 20-23 Dissounted infantry soldiers are not

affected by gap type obstacles.

Lines 24-27 When the entity is 200 meters from a

large hole in the ground, he knows

the gap exists.

Lines 28-36 If this route is on a cleared lane

through the obstacle, change the

formation of the platoon to a column

and continue at present speed tovard

the crossing site.

Line 37 Checks the platoon AVLB and blade

tank status.

Lines 41-43 If an entity has to "bull through"

but a breaching operation is already
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underway or his route, then the

entity Will stop and cover this

operation by direct fire.

Lines 4-46 When an entity has to *bull through"

and no breaching operations are

ongoing for his route, then the

entity will move to the gap and

attempt a self breach.

Lines 47-56 If the entity has a bypass route but

his platoon is void of appropriate

breaching equipment forthis obstacle,

then the activating entity and his

platoon will turn around and move

back toward the decision ellipse.

Lines 60-65 If the entity is an AnLB, then it

will proceed to the gap to attempt a

breach/span. The flag for an ongoing

breach is set to the entityls platoon

number.

Lines 66-70 If the entity is a blade tank and

this obstacle is a road crater or

tank ditch, then the tank will

proceed to the gap to attempt a
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breach. The flag for an ongoing

breach is set to the blade tank's

platoon number.

Lines 71-72 The vehicles in the platoon not

equipped with breaching devices will

stop and cover the gap clearing

operation by direct fire from half

defilade. A situation report on this

operation is scheduled in the future.

CODE

1 ROUTINE GP.ENTRY GIVEN A,?LD
DEFINE A FLD KNO. LEVEL OBS.IU .T RK.EQUXP.STAT,

BIIDGE.STAT AS INTEGER VIRIALIS
DFINE SIT.REP.TI1E SNIN As REAL VARIABLES

5 SUBSTITUTE THESE 3 LIuES FOR SUPPORT.SHOOT
SCHEDULE A HALT GIVEN A VLET DEFNUHAl) - 4 "'HALF DBrILADB81 CALL HIDER(A)LET ILD.INT.DS'A) 50.0 1 UST DISTANCE

9 LET FLD.NO(A1 P
10 LET FLD.A1T41) TYP. LDjLD)
11 LET KNOW.LEVRL - INT. Pb.LD(FLD))
12 LET OBS.NUa NAM.FL ( LD
13 LET SIT.REP.TIHe - I. 'THE TINS OF STATUS CHECKS
14 LET TRAF.CONTROL (ODS. NOROUTE (A) #1) a ROUTE(A)
15 LET SKIN = SAEINR.LD 1LDJ
16 IF P1.FLD(LD) E 0.0 ' NOT ACTIVATED YET
17 LET FLD IT .DIST(A) a RINF.C
18 RETURN1 OTaKnvsl,,li IFSYS.PE A * 3 ''DISMOUNTED INFANTRY

RET FLD. NT.DIST(A) - RINF.C

OTHERWISE
24 IF KNOW. LEVEL LE 1 ' INO KNOWLEDGE EXISTS
25 LET KNOW.LEVEL 2

ALWAYS Ph TV T se 9HE OBSTACLE EXISTS
28 IF KNOV.LEYEL 3
29 IF TYP.FLD 11.D NE 4 "$OT A TANK DITCH"@ OR

I B • . $T(1 ipI) (A 0).Eio TlP NT 30IQ4J"ANK DITCj;1EAND 1  C

ID.t:~8ii (Ak a
RETURN

35 OTEERWISE
36 ALWAYS

37 r CALL JUNK. ALIVE GIVEN A YIELDING
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EQ alp.STAT. BRIDGE. STAT
38 IF BEIDGB.STAT NE 1 '100 3RIDGING EQUIPMENT
39 IF TYP. FLD MD) EQ 6 OR 3QU1 .STAT ME 1
40 IF TRA?.COUTROL (OBS.IUK £OIJTE(A),2t) 0.0
'41 IF TRAY. CONTEOlpi Mai.N hROUU(J.4 GT 0

45 LET FLD.INT.DIST(A) - SHIN - 50.0
46 ALIAlfS

147 ELSE "ABYPASS EXISTS/3.1 BUST HAVE ONE
A8 TURN.ARQU? VO'' NO

4 119HYTUE IN PLT.UI TA )
50 WITH SYS.TYPIIT UK)EE DO
Si IF FLD.IO(TNII BE F D

SCHE~DULE A TURN. AROUND (TNK) SN

541 LOOP
55 LIT FLD.INT.DIST(A) - IINF.C

is TSTYPE(jZ 1 AID
61 (3,1. !AEA) a 4O0RUPU.TYPB(A) - 5)

6jLIT FLD913!.DI1T(A SKIN -SO
63 LET TEA?-.CONTDOL(OUts.15KROIJTE(A),4)- PLT(A)
61 RETURN
65 OTHERWISE

61 IF OYLD LDk~ NE 6 AND BLADE. COUD(A) EQ 1
6 ILD. INT.DIST(AS KIN - 0.0
6S ~LT 3AF.CONT3OL(O S.NJ,ROUTE(A),4-PTA

10 OTII21,132f 71 SUIPORT. SJOOT
71SC EDULE A AT.JUNK GIVEN A IN SIT.REP.TfINE UNITS
7 RETURN

741 END
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21. jotie &.jflZBjJ
~Purpose

Routine GAP.IUTZBRAL gives the activating entity the

ability to take the appropriate actions at the location of a

gap type obstacle. This routine is called from routine

nLD.ACT.

Given Arguments Integer

A - Pointer to the entity that Jost activated
this gap internal action.

Events Scheduled

DITCH.KILL (this appendix)

GAP.BREACE (this appendix)

HALT (this appendix)

RaVT. JURK (this appendix)

STaND.TO (this appendix)

WaLL.BRIACe (this appendix)

Global Variable Real

TIAF.CONTOL (3-D) (Appendix A)

304



Recursive Variable Integer

BRIDGE.STAT

Contains the status of the &VLBs in the
platoon.

EQ UIP. STAT

Contains the status of the blade tanks in the
platoon.

FLD- Pointer to the field in question.

KNOW. LEVEL

Contains the value of the field attribute
P6.LD. This is the state of intelligence
newn about the obstacle.

0 no knowledge existsnotwl:3o exists.
i Ing1ee exists and a lane

exists

ONS. NUN

Receives the value of the field attribute
NA .FLD This is the sequential id number in
or ;r oI field creation.

TIK

Pointer to an element in the platoon of the
activating entity.

Recursive Variable Real

DRA

Contains the value of a random number from a j
Unifors (0,1) distribution.
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SIT.REP. TIRE

This is the time betveen status checks on the

breaching operation.

Routines Called

HIDER

A routine used to determine the micro-terrain
elevation for a selected element.

Temporary Attribute Integer

BAGGED. BOY

This variable is an argument for event
STAVD.TO. It carries the number of the entity
to be moved.

BLADE. COND

This unit attribute gives the tank the ability
to have a dozer blade characteristic.

0-no blade available
1-blade avasilable but not in use
2-blade being used or vehicle is self

breachtng

BREACHER

This variable is an argument for event
GAP.BRZACH. It carries the number of the
entity that made the breach.

DIFIU

The current position or activity of an element.

1 full defilade

ae Zdla deifiade
Uv , tlafe 1etermined by

6 reacbe: Mnal area in movement
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FLD.FOR

This unit attribute gives the entity the
ability to change formations when encounteringan obstacle.

FLD.NO

Name of the field involved in any pending
internal action.

GULLY. CIT

This variable is an argument for event
DITCH.KILL. It carries t e number of the
entity that is stuck in the gap.

HOLE

This variable is an argument for event
G&P.BREACH. It carries the number of the field
in question.

( U B. FLD

This is the sequential id number in order of =

field creation.

RUkEER

This variable is an argument for event
WAL .SRBACI. It carr a he number of the
entity that made the sof broach.

ROUTE

Indicates the number of the route along vhich

the element is travelling.

0 not using a route

SLOW *DOW

This vartable is an arg' ent for *vent HALT.
Itpca riex the number Of the entity to be
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STATUS

4.This variable is an argument for event
RZAVT.JUNK It carries the number of th4
entity to be updated.

SYS.TYPR

This represents the general class of the
system of the entity.

I tanks
2 ajunted infantry
3 d fis e infantry
5 ai
6 air def ense9
7 banker
8 corE /O/acq/i ntel
9 other

TEAR. DOWN

This variable is an arzument for event
WALL. BREACB. It carries he number of the
field in question.

TY 1.FR'ldtype code.

I a mandator 1 dismount f ield

a :In 0 sotutgp
7 a gap c siion i

'WP.TYPB

Describes the specific.system within the system
code. ?or example syte type 1 Is a tank and
weao tyefupfrtiense ndctsa

tye fu irti sse ndctsa

Temporary Attribute Real
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FLD.IWT. DIST

This attribute of an entity contains the
distance to a pending field internal action.

FS PEED. FAC

This unit attribute gives the entity the
ability to slow down because of obstacle
encounzere

P6.FLD

Knowledge level of this obstacle.

0 no knowledge exists
2 knowledge ezists
3 knowledge exists and a lane

exists

P7.FLD

This minefield attribute contains the lane4 formation number.

P8.FLD

Lane speed factor.

P9. FLD

AVLB activation delay tine in seconds.

PIO.FLD

Tank dozer breach time in seconds.

11 .FLD

Tank self breach time in seconds.

3
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P12.FLD

{Probability of a self breach getting stuck inditch.

Brief Explanation

Lines 10-18 The entity's speed &a reduced and he

is put into a column formation. This

simulates the funneling effect of the

actual crossing.

Lines 19-42 Simulates the self-breach option

against road craters and tank

ditches.

Lines 23-26 When an entity has to self breach a

(tank ditch, he checks if a breach has

been accomplished elsewhere. If a

lane exists then the entity's speed

is reduced substantially to simulate

his movement to another existing

route/lane. Ris formation is also

changed to column.

Lines 28-40 Simulates the actual self breach.

The entity is stopped, he is put in

gun tube defilade (in ditch), and he

is prevented from firing in this
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configuration. An input parameter is

Monte Carloged against, to determine

if the entity is going to be a

mobility casualty. When not stuck in

the ditch the entity has a breach

scheduled to occur in the future.

Line 43 Schedules a breaching operation

status update for the AVLB's and

blade tank's attempting to breach

this obstacle.

Lines 44-48 Stops the blade tank and starts his

breaching effort. This tank is put

in half defilade (blade and ditch

shading), and he is prevented from

firing. A successful breach is

scheduled to occur in the future.

Lines 49-51 Stops the AVLB and starts his

breaching effort. A successful

breach/span is scheduled to occur in

the future.

CODI

I ROOTIE GAP.IUTIRVAL GIVEE ADEFINE A FLD KNOW.LBVL OBS E13 QUIP.STATi HIMDG.STAT TNK 1S ZITIGIR VARZiALBS

4 DEFINE DEAVSIT.3#. TIf2 AS REAL VARIABLES
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5 LET PLO = LO. NO( 'IT6 LET KNOW.LEVEL = I T.FjP6.FLD(FLD))
7 LET OBS.NM- NAM.FLDF4.8 LET SIT.REP.TIME - 15.0' I'TIME TO UPDATE STATUS
9 LET FLD.INT.DIST(A) - 50.0 $$A MOST DISTANCE

10 IF RNOW. LEVEL EQ 3
11 IF TYP.FLD(FLD) NE 4 OR (TYP.FLD (FLDI EQ 4 AND
12 TRAP.CONTROL LOBS. NUH ROUTEAA) ,3) EQ aIxp.C)
13 LRT FSPEZD.FCA PSiLD (FilD
14 LET FLD.INT.DIST( Al I R~lC
15 LET FLD.FORN(A) -a NT.( FLD(FLD))
16 RETURN
17 0OTHERWISE
18 ALWAYS lvE NEED TO BREACH A LANE TRRU
19 IF TYP.PLD PYLD) NE 6
20 IF BLADE.COND(A A ElI
21 IF SYS.TYPRIA) ME 1 OR (SYS. TYPECA) EQ 1 IND

22 (WPN.TYPE (A) 9E 4AND PV.TYPE(A) NE 5))
23 IF TYP. PLO PFLO EQ 4 AND KNOE.LEVEL EQ 3

LET FSPIR D. FC1 -B ?.FLD(PLD)0.5
LET FLD.INT.DII * ,;RINF.C

6LET ILD.FORK(A) 7![T.(P.PLO (FLD))
27 ELSE
28 SCHEDULE A HALT GIVEN A NOV
29 LET DEPIUM A - 3 "'GUN" CALL HIDER (A)
30 LET BLADE.CO0 D (Ai - 2 1STP SHOOTI MG
31 LET DRAW -UIFORM.* 10.,.1.,7)
32 IF P12.FLDILD) GT D AN
3 SCHEDULE A DITCH.IILL (A) IN

34 LSE(PlFLD (ELD) /2.0) UNITS

35 SCHEDULE A VALL.BRZACH(A ILDI IN
P11.ELDF (ID) UNSITS

36 SCHEDULE A STAND.T(A]jD 1)a ~

37 ALWAYS iV D(L)IUNT
N8 ALWAYS
39 RETURN
40 OTHERWISE
41 ALWAYS
42 ALWAYS
'43 SCHEDULE A HEATY.JUIK GIVEN A IN SIT.BEP.TIEE UNITS
'44 TP BLADE.CN AE1
45 SCH EDULE OAALTGS IVEY A SN
46 LIT DEPUR(A - 'HALF DIFILADEll CALL HIDER(A)

47 ET LAD.A0D (jZ;2 'SOP SHOOSINGUNT

SCHEDULE A HALT GIVEN A NOV
51 SCHEDULE A GAP.BREACH(A,FLD) IN P9.?LD(FLD) UNITS
52 ALWAYS

3RETURN
4END
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S 22. R otnGkP.LZITB

Purpose

Routine GAP.LEAVE performs the gap obstacle exit

actions for the activating/moving entity. This routine is

called from routine FLD.ACT.

Given Arguments Integer

k - Pointer to the entity that just activated
this gap exit action.

Global Variable Real

TRAF.CONTROL (3-0) (Appendix A)

Recursive Variable Integer

FLD- Pointer to the field in question.

OBS. WUM

Receives the value of the field attribute
AMA.PLD. This is the sequential id number in
order of field creation.

Temporary Attribute Integer

BLADE. COVD

This unit attribute gives the tank the ability
to have a dozer blade characteristic.

O-no blade available
1-blade available but not in use
2-blade #eing used or vehicle is self

bre aching

DIR C. 01. RT

Indicates whether or not a vehicle is moving
forvard or backward on his route.
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0 Vehicle is moving in order of
increasing HCP numbers along therouse, (fgrvarda
vehicle is movIng in oider of
decreasing .ECP n ubers along the
route. (back ward)

FLD.FORM

This unit attribute gives the entity the
ability to change formations When encountering
an obstacle.

FLD. NO

Name of the field involved in any pending
internal action.

NAM . FLD

This is the sequential id number in order of
field creation.

ROUTE

Indicates the number of the route along which
the element is travelling.

0 not using a route

STS.TYPE

This represents the general class of the system
of the entity.

1 tanks
oted infantry4iountod in fatr

4 atIillery
5
6 ai±r defense
7 bunker
8 comm/oew/acq/intel
9 other

Temporary Attribute Real
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FSPEND. FAC

This unit attribute gives the entity the
ability to slow down because of obstacle
en counter.

P1 .FLD

This qap field attribute is a flag that
specifies activation state.

0 not activated yet
1 this is an active gap obstacle

P6.FLD

Knowledge level of this obstacle.

0 no knowledge exists
2 knowledge exists
3 knowledge exists and a lane

exists

Brief Explanation

Lines 3-5 Disounted infantry are not affected.

Lines 7-9 Inactivated obstacles have no

effects.

Lines 10-12 Prevents unplanned entities from

affecting the situation.

Lines 13-15 Reinitializes gap obstacle related

vehicle attributes.

Lines 16-18 Changes the knowledge level of this

obstacle. This transaits to follow-

on units that a breach/span exists in

this obstacle.
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CODE

1 ROUTINE GAP.LEAVE GIVEN A
2 DEFINE A FLD OBS.NUN AS INTEGER VARIABLES
3 IF SYS.TfPE(i) - 3 49DISNOUNTED INFANTRY
4 RETURN
5 OTHERWISE
6 LET FLD a LD.NO (At
7 IF P1.PLD(FLD) E .0 9NOT ACTIVATED YET
8 RETURN
9 OTHERWISE
10 IF BLADE.COND(A) GE 2
11 RETURN
12 OTHERWISE
13 LET OBS.NU = NkAE.FLD(FLD)
14 LET FSPEED.FAC(A) = 1.0
1 ET FkD.FOR A 00

1 F DI C.ON.RT() * 0
17 LET P6.FLD (FLD) - 3
18 ALVATS
19 RETURN
20 END
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23. jjn IC.1

Purpose

Event DITCH.KILL inflicts a mobility kill on the

entity that got stuck in the tank ditch or road crater while

attempting a self breach. This event is scheduled from

routine GAP. IiTERNIAL.

Given Arguments Integer

B - The pointer to the entity that is stuck in
the gap obstacle.

Global Variable Integer

DAH.ARRA! (1-D)

Contains the possible values for HII!.STATB.
I NDA
2 iDAN
3 NDANBa
6 miSS

DAUAGR. NUN

Iricates the damage status of an entity after
having a round impact on or near it.

1 hit but already IF killed
2 a qility idaqe
3 f ar I am g

5 coptrhickitv
6 an

DEAD.ATKR

Tallies the number of red casualties.

(
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OIDISK

Indicates whether or not the user desires the
shot list nd final attribute list to user
specified disk files.

0 no, paper output only
1 yen

YES

Indicates a value of 1. Used in conditional
statements.

Recursive Variable Integer

UHOCILLED

A flag used by several routines to determine
appropriate actions and executions.

Recursive Variable Real

IMKILL

The probability of at least a firepower kill.

EhKILL

The probability of at least a mobility kill.

ENUFKILL

The union of NRKILL and EFRILL.

r yKI LL

The probability of a catastrophic kill.

Routines Called
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AT RIT

A Routine Which assesses the attrition against
a target which has been hit. It checks for a
itastroph~c kill, increments mobility and
a.jeIover admal,' and checks the FILL, UKILL,a FKL lev6.

HIDER

A routine used to determine the micro-terrain
elevation for a selected element.

Temporary Attribute Alpha

HIT.STATE

An alpha variable indicating whether or not an
element is alive or dead.

Temporary Attribute Integer

COLOR

Indicates the color of the element.

0 red (attacker)
1 blue (defender)

DEFEIJI

The current position or activity of an element.

1 full defilade
2 tff et defi.ade
3 flnqdeflade

S halt thhcJ defilade5 mva 2  d *fdll~,determined by
Nve hehfaLaiet in movement6 r eac ef rna aea a ovea

PIRID.AT

In4icates the total number of rounds fired at
an entity.
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FKILL

Indicates whether an entity has sustained a
firepower kill.

0 no
I yen

GULLY. CAT

This variable is an argument for event
DITCH.AILL. It carries the nuaber of the
entity that is stuck n the gap.

K. HIT

Indicates the number of hits sustained by an
entity which were sufficient to cause a
catastrophic kill.

KKILL

Indicates whether an entity has sustained a
catastrophic kill.

( 0 no
1 yes

MK!LL

Indicates whether an entity has sustained a
simultaneous mobility and firepower kill.

0 no
1 yes

BKILL

Indicates whether an entity has sustained a
mobility kill.

0 no

The element number of the entity.
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iiNUN.KIT
Indicates the total number of hits sustained by
an entity. This includes no damage hits.

ROUTE

Indicates the number of the route along which
the element is travelling.

0 not using a route

WPV.TTP2

Describes the specific system within the system
code. 10r ex-1s-s4 type 1 i* a tanx andyearn type 1our lot tis s ten indicates an

Temporary Attribute Real

F.D

Indicates the accumulated percentage of
firepower damage sustained by the entity.

I.D

Indicates the accumulated percentage of
mobility damage sustained by the entity.

SPD

The entity's speed at the end of the most
recent movement update.

I. CURESIT

The -coordinate for the entity as of the last
movement update.

Y. CURBJIT

The K-coordinate for the entity as of the last
movement update.
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Z. CURRENT

The elevation for the entity as of the lastnovenent update.

Brief Explanation

Lines 5-7 The entity is already dead, do

nothing.

Lines 8-33 The entity is a nobility casualty.

This happened half-may through his

self breath/bul1 through effort in

the ditch. The killer/victis

scoreboard is updated and the entity

is put in turret defilade (botto of

ditch); still unable to fire.

CODE

I EVENT DITCI.KZLL GZ11 9
INE IHOCA U AS as VARIBLES

D ?INN 1IKILL .kILLz EILLO KILL
IS ItLL VARIILES

4LET BEOZMM a I.

LITI [LLE=0.
7 0!EEUUs L 11 :O

10 LI? B*I 61L 0

I 1 ~ILK.5e3,iUILL ILLEUNILLAIK LL

13 LIT 5).S A-D3G

Is f mT IlI LINE

I . h l It) 180, ,.CUIT(),

11 S Ai 3, 11 S r,2 1 4, 01T, S S, S 22, 3 1 7

.22 S I* A 4v 2 D(562)o 2 1 2, 5 I 3j 322 A
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23 IF ONDISK-!ES AND VRITZ.V=6 USE UNIT 10 FOR OUTPUTI. START NEV LIVE GO TO UP ELSE
246 IF COLOR (B) EQ 0 AND ( DARAGE.NfUE EQ 5 0R

VL( DAIIAGE. S30 EQ L4 OR5 AMAGE. NOR EQ 3 OR DANAGE.NU IQ 2 ) IND
ID a .3KYKLLI

28 ANI~~~D HI.ATE (3 NV DE D ) ME
Is N 31TIS.STAT(B))M13 DADED

29 ADD 1 TO DEAD.ATKR ALWAYS fTSA (BMEODO
o0 I? HIT.STA'?E CD)! NEDEADA AND HIT.STATE(B) NE "ADED"

~ LET HIT.STkT(D ALWAYS
2 START NiI LINE
13 LET DEFIUMl(S) 2 ''TURRET DFIIDEll CALL HIDER(B)I ' RETURN
5END
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24. Kxut 01". IR1AC

Purpose

Event VALL. BREACH simulates the successful self

breach of a road crater or tank ditch. This event is

scheduled from routine GAP.IUTERNAL.

Given Arguments Integer

B - The pointer to the entity that has self
breached the gap obstacle.

FLD- Pointer to zhe field in question.

Events Scheduled

QUIK. HOVE (this appendix)

Global Variable Real

LIN. SPDS (3-D)

Indicates the limiting speeds for vehicles in a
sounted attack.

TRAF.COITROL (3-D) (Appendix A)

Recursive Variable Integer

COUNTER

Contains the number of five second move
increments that will take place for this
.ntit v.Th is movement uglite is accomplished
by sc aedul.ng event Qu11.i av.

Receives the value of the field attribute
NAH.?LD. This is the sequential id number in
order of field creation.
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Recursive Variable Real

INTERV

A constant term that is set so that element
locations are updated every five seconds during
a small portion of the simulation.

Routines Called

HIDER

A routine used to determine the micro-terrain
elevation for a selected element.

Temporary Attribute Integer

BLADE. COED

This unit attribute gives the tank the ability
to have a dozer blade characteristic.

O-no blade available
1-blade available but not in Ue
2-blade being used or vehicle is self

breaching

The current position or activity of an element.

1 full defiladerot • a~e

3 1 116 ad
hafl veh cle defiiade

5 moving (defilade determined by
the terran model)

6 reached final area in movement

FLD.NO

#ame of the field involved in any pending
internal action.

KEILL

Indicates whether an entity has sustained a
catastrophic kill.
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0 no
1 yes

K ILL

Indicates whether an entity nas sustained a
mobility kill.

0 no
1 yes

NkH•FLD

This is the sequential id number in order of
field creation.

SUN -POINTER

This variable is an argument for event
QUIXoHOVE. It carries the number of the entity
to be moved.

RANHER

This variable is an argument for event
VALL. BREACH. It carries the number of the
entity that made the self breach.

REP. RUNBER

This variable is an argument for event
QUIK.BOVB. It carries the number of iterations
of scheduling left for this event to perform.

ROUTE

Indicates the number of the route along which
the element is travelling.

0 not using a Liate

SYS. TYPE
This represents the general class of the system
of the entity.

1 tanks
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2 mounted infantry
3 dismounted infantry
4 a;tillery
5 air
6 air defense
7 bunker
8 cois/e/acq/intel
9 other

TEAR.DOWN

This variable is an argument for eve-t
WALL. BREACH. It carries the number of the
field in question.

WPI.TYPE

Describes the specific system within the system
code.

Temporary Attribute Real

FLD. IT. DIST

This attribute of an entity contains the
distance to a pending field internal action.

P6.FLD

Knowledge level of this obstacle.

0 no knowledge exists
2 knowledge ex sts
3 kngwledge ex.sts and a lane

exists

INT.TIME

This variable is an argument for eventSUIK.EOVE. It carries the time interval number
1hen the next event is to be performed.

SAEIN.FLD

This field attribute is the semi-minor axis
length of the elliptical field in meters.
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Brief Explanation

Lines 6-8 Prevents unplanned entities from

affecting the the situation.

Lines 10-12 Determines the appropriate number of

five second movement updates to

perform to exit this obstacle.

Lines 13-17 Changes the knovledge level to three,

a breach exists on this route. It

takes the self breacher out of the

ditch and lets his shoot again.

CODE

I EVENT WALL.BREACH GIVEN B,FLD
2 DEFINE B FLD OBS.NUMCOUNTER AS INTEGER VARIABLES
3 DEFINE IfTERf AS A REAL VARIABLE
4 LET OBS.NUM - NAM.FLD(FLD)
5 LET INTRV = 5.0 ''BOVE UPDATES
6 IF FLD. NO(B) WE FLD

RETURN
8 OTHERWISE
9 IF KKILL(B) E I AND RKILLIS NE I

10 LET COUNTER = INT FqSkImiN.FLD(FLD
11 (. 5 LIE.SPDS (S!S.TYPE (B),1.TYP (B),4))/INTERV)
12 ScHEDULE A Q IKoNOVE(B,COUNTER,INTERV) NO E
13 LET P6.FLD (FLD) -3 .
14 LET DEFIUN ( = 5 '*ROVING#$ CALL HIDER(B)
15 LET BLADE.COND(B) a 0
16 LET T n .CONTROL(OBS. NUIROUTZ(B),3) RIMF.C
17 LET FLD.INT.DIST(B) a RINF.C
18 ALMAYS
19 RETURN
20 END

(
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25. Even GA.M.

Purpose

Event GAP.BRRACH simulates the successful breaching

of a gap type obstacle by either a vehicle launched bridge

or a tank mounted dozer blade. This event is scheduled from

routine GAP. INTERNAL.

Given Arguments Integer

B - The Pointer to the entity that has
breached the gap obstacle.

FLD- Pointer to the field in question.

Events Scheduled

QIIK.BOVE (this appendix)

STAND.TO (this appendix)

Global Variable Real

LIB.SPDS (3-D)

Indicates the limiting speeds for vehicles in a
mounted attack.

TRAF.CONTROL (3-D) (appendix A)

Recursive Variable Integer

CO UNTER

Contains the number of five second move
in cements that will tak9 place for this
entity *.This movement update is accomplished
by sc edulng event QOIK.EO Vs.
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OBS. NUN

Receives the value of the field attribute
NAB. FLD. This is the sequential id number in
order of field creation.

TNK

Pointer to an element in the platoon of
the activating entity.

Recursive Variable Real

INTERI

k constant term that is set so that element
locations are updated every five seconds during
a small portion of the simulation.

Routines Called

HIDER

a routine used to determine the micro-terrain
elevation for a selected element.

Set

PLT.UNIT (1-D)

This set is owned by the permanent entity
PLATOON LEADER It contains the list o
temporary entities owned by this platoon.

Temporary ttribute Integer

BAGGED. BOY

This variable is an argo, ant for event
STkID.TO. It carries the number of the entity
to be moved.
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BLADE.CO ND

This unit attribute gives the tank the ability
to have a dozer blade characteristic.

O-no blade available1.-baie available but not in use2 e iag used or vehicle is self
breaching

BREACHER

This variable is an argument for event
,GAP.BREACH. It carries t e number of the
entity that made the breach.

DEFHIU

The current position or activity of an element.
1 full defilade
2 tur;et defilade3 zij3nq~ fel.aa~e

ha , de9fi ade
5 movfnq (xlade ietermined by

the t rran model)
6 reached final area in movement

FLD. FOR

This unit attribute gives the entity the
ability to change formations when encounteringan obstacle.

FLD. 0

lase of the field involved in any pending
internal action.

HOLE

This variable is an argusent for event
OAP.ARRACH. It carries the number of the fieldin question.

KKILL

Indicates whether an entity has sustained a
catastrophic kill.
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0 no
1 yes

MKILL

Indicates whether an entity has sustained a
nobility kill.

0 no
1 yes

iT.STATZ

The primary control variable for initiating and
stopping movement.

0 In position, do not move.
1 First cal to mo e, do a route

select and start to move.
2 Continue movement along a

reviously selected route.
3 tP aloq the route.
4 Next posi ion has been reached,

s stop .
5 Final position has been reached,

never love again.

IA I. PLD

This is the sequential id number in order of
field creation.

NU. *POINTER

This variable is an argument for event
QUlK.KOVU. It carries the number of the entity
to be moved.

PLT

The number of the platoon to which the entity
belongs.

3IP. 3503

This variable is an argument for event
O91XL1OX,. It carries the number of iterations

Sceung left for this event to perform.
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{ROUTE

Indicates the number of the route along which
the element is travelling.

0 not using a route

SYS.TYPS

This repzesents the general class of the

system of the entity.

1 tanks

d 9ounted infantry
'4 a fllery
5 a It
6 air defense
7 bunker
S com/e/acq/intel
9 other

VP N. TYPE

Describes the specific system within the system
code. For example, system type 1 is a tan and
weapon type four for tis system indicates an

Temporary Attribute Real

FLD. INT. DIST

This attribute of an entity contains the
distance to a pending field internal action.

FSPUD. PAC

This unit attribute gives the entity the
ability to slow dovn because of obstacle
ancoun cere

INT.TIMB

This variable is an arqument for event
Q91K.KOVE. It carries the time interval number
when the next event is to be performed.

C 3
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P6. FLD

Knowledge level of this obstacle.

0 no knowledge exists
nowledqeeist
estsKngle~ge ot a lane

P7. FLD

This minefield attribute contains
the lane formation numbar.

P8.FLD

Lane speed factor.

SAHI N. FLD

This field attribute is the semi-minor axis
length of the elliptical field in meters.

Brief Explanation

Lines 6-8 Does nothing if the entity has

started to move again or if he has

left this obstacle. These actions

could have been produced as a result

of event hhATT.JUNK actions.

Lines 10-13 Takes the bridge launcher out of the

simulation when its bridge is laid

over the gap.

Lines 15-17 If the blade tank that scheduled this

event has moved because of event
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4 HEAVY.JUNI actions, then this event

does not effect his present status.

Lines 19-33 Starts the platoon moving again and

puts them in a column formation in

order to cross through/ over the gap

obstacle. The blade tanks that were

breaching are slowed down to allow

the rest of their platoon to catch

up. Enough five second move

increments are scheduled to upgrade

the detail of the crossing and exit

of this field.

Lines 34-35 The knowledge level of this obstacle

is changed so that follow-on units

can know that a breach exists on this

route.

Line 36 The flag indicating an ongoing

,breaching operation is turned off.

CODE

1 EVENT G&P.B3ICE GIVEN ROLD
2 DEFINE B FLD TYKoOBS. NUN COUNTIE

IsNTGBk VARIABLES
3 DEFIlE 19TEV AS A REAL VARIABLE

LET INTIRY - 5°0-HH oE3VBPD&TBS
IF uV.STITU( ) 'E 3 OR ?LD.NO(B) RE FLD

RETURN8OThER ISE
9 IP KKILLtB) 9E 1 AND EKZLL(l) NE 1
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10 IF SYS.TYPE (B EQ I AND
V1M. TYPE(B) E'4 O1 VPII.TYPE(Bb EQ 5)

11 LET MV.STATE(B) - 5 "LAUNCHED BRuDGE UT
12 LET DEFIIUH(BY 1 "'FULL' CALL HIDE oN~13 SCHEDULE A Q U.HOVE (B,0Ool.0) N0ov NT
14 ELSE
15 IF BLADE.COID(B) 3E 2
16 RETURN

17 OTHERWISE
11 ALWAYS
I FOR EVERY TUK IN PLT.UNIT(PLT(Bt WITH133D

20 IF KKILL(TYK) IE 1 AID SKILL (TUK) NE 1 AND
IRV. SSATE (TIK) WE35

21 SCHEDULE A STA1D.TO GIVEN T~lNK I
LET TillU fN 5 "1GOll CALL HIDEECTIK)oLET FLD.IN . DITT = SAXII.FLD&IDJ-50.0

2LET PDFUH4  TNK) - INT.F(P.D ~ LD)
25 IF BLADE.CONI TYll GT 0
26 LET ?SPEED. FAC (TK) a (PS.FLD(FLDJ.1)/4

7 LLE T 8LADE.CID (TIK) -
8 ALVAYS

29 LET COUNTED a INT.? IISANI.FLD(FLD)t'2.0/
30 (5*LIN. SPDS (SYS.TYPE (TN~i) VWPITY E (TV 4 4

31 SCHEDULE A QUIX.SOVE(TNK,COUMTERvINTe~v) NOV
32 ALWAYS
33 LOOP
34 LET P6.rLD CYLD) a 3.0
35 LET TEA?.CONTROL (OBS.NUUS,IOUTE (B),3) - RIUF.C
36 LET TRAP. CONT ROL JOBS.1N.5ROGTE (3,41 - 0.0
37 ALMAS
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26. _4vent jE~fl.~J

Purpose

Event HEAVY.JUNUK gives a situation report on the gap

breaching operation in progress. This event also initiates

the appropriate actions depending on the status update.

Event HEAVY.JUIK is scheduled from routines GAP.EUURY,

GAP.INTERIL, and event HEATT.JUNK.

Given Arguments Integer

B - The pointer to the entity that has
activated this status check of breaching
equipment.

Events Scheduled

Q51K. HOVE (this appendix)

STIND.TO (this appendix)

TORV. AROGID (this appendix)

Global Variable Real

TRAF.COIUROL (3-D) (Appendix A)

LZN.SPDS (3-D)

Indicates the limiting speeds for vehicles in a
mounted attack.

Recursive Variable Integer
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BRIDGE. STAT

Contains the status of the AVLBs in the
platoon.

COUNTER

Contains the number of five second move
incTements that will take pace for.tti
entit y dThis movement update ps acomplia e
by sc eouling event QUIK.AOvE.

EQUIP.STAT

Contains the status of the blade tanks in the
platoon.

FLD- Pointer to the field in question.

KNO. LEVEL

Contains the value of the field attribute
P6.FLD. This is the state of intelligence(knovn about the obstacle.

0 no knovledge exists
knov e eists
kn welle exists and a lane

OB S. NUB

Receives the value of the field attribute
NIA.FLD. This is the sequential id number in
order of field creation.

TNK

Pointer to an element in the platoon of the
activating entity.

Recursive Vaziable Real

INTER?

(I A constant term that is set so that element
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locations are updated every five seconds during
a small pcrtion of the simulation.

SIT.REP. TINE

This is the time between status checks on the
breaching operation.

Routines Called

HIDER

A routine used to determine the icro-terrain
elevation for a selected element.

JUNK. ALIVE (this appendix)

Set

PLT.UNIT (1-D)

This set is owned by the permanent entit
PLATOON LEADV p It contais the list 01
temporary entities owned by ti s platoon.

Temporary Attribute Integer

BAGGED. BOT

This variable is an argument for event
STAND.TO. It carries the number of the entity
to be moved.

BLADE. COND

This unit attribute gives the tank the ability
to have a dozer blade characteristic.

0-no blade available1-blade avoilable bat not in use2-a ei lng used or vehicle is self1reach ng

DR NU

(The current position or activity of an element.
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1 full defilade
. ng de i a e

half vehicle defilade
5 30v nq (difilade determined by

the lterra n aoel)
6 reached final area in movement

FLD.FORM

This unit attribute gives the entity the
ability to change formations When encountering
an obstacle.

FLD.NO

Name of the field involved in any pending
internal action.

KKILL

Indicates whether an entity has sustained a
catastrophic kill.

0 no
1 yes

HKILL

Indicates whether an entity has sustained a
mobility kill.

0 no
1 yes

V.STTZ

The primary control variable for initiating and
stopping movement.

0 In positionp do not move.
1 rP call to move, do a route

select, and start to move.
2 Cont nue. movement along a

revlousl Y selected route.
3 Io along the route.

lex position has been reached,
5 nm1*osition has been reached,

never move again.

3
3* 0
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NAN.FLD

This is the sequential id number in order
of field creation.

NUM. POINTER

This variable is an argument for event
QUIKIOVE. It carries the number of the entity
o be moved.

PLT- The number of the platoon to which the
entity belongs.

REP. NUHBER

This variable is an argument for event
QUIK.NOVE. It carries the number of iterations
of scheduling left for this event to perform.

ROUTE

Indicates the number of the route along which
the element is travelling.

0 not using a route

STATUS

This variable is an argument for event
REAVY.JUNK. It carries the number of the
entity to be updated.

SIS. TYP2

This represents the general class of the
system of the entity.

1 tanks
2 mounted infantry
3 dismounted infantry

artillery
5 a
6 air defense
7 bunker
8 com/e/acq/intel
9 other
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TVIST

This variable is an argument for cvent
TURN.AROUND. It carries the number of the
entity to be turned in the opposite direction.

TYP. FLD

Field type code.
1- a mandatory dismount field
2 a minefield
3 - a minefield decision field
4 atank ditch

road crater
6 a blown bridge (short-wet gap)
7 a gap decision field

WPV. TYPE

Describes the specific system within the system
code.

Temporary Attribute Real

FLD. INT. DIST

This attribute of an entity contains the
distance to a pending field internal action.

FSPEED.FAC

This unit attribute gives the entity the
abilit to slow down because of obstacle
encounzer.

INT. TINN

This variable is an arquent for event
QUIK.MOVE. It carries the time interval number
when the next event is to occur.

P6.FLD

Knowledge level of this obstacle.

0 no knowledge exists
2 knowledge exists
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3 knowledge of a lane
exists

P7.?LD

This minefield attribute contains the
lane for mation number.

P8.FLD

Lane speed factor.

Skmil. FLD

This field attribute is the semi-minor axis
length of the elliptical field in meters.

T. SPD

The simulation time at which the most recent
movement update ended. (the time that SPD was
last set.)

Brief Explanation

Lines 11-34 When a breach has been successfully

performed, all elements on this

cleared route continue to move or

start moving again, depending on

their current move status. These

elements are put into column

formations and the breaching

equipment is slowed down to allow the

rest of the platoon time to catch up.

Line 35 Checks on the current status of the
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platoon vehicles performing the

breach.

Lines 36-62 simulates the actions that happen

when the breaching equipment at the

gap is depleted from direct/indirec-

fire.

Lines 38-45 If a bypass does not exist, the

platoon's remaining vehicles start

moving to the gap in order to attempt

a self breach. The flag for an

ongoing breach is turned off.

Lines 46-59 When the bypass option is still a

viable one and the breaching

operation has failed, then the

platoon is turned around and started

back toward the decision ellipse.

Line 63 If the operation is still being

performed by alive platoon equipment,

then another breaching operation

situation report is scheduled for the

future.
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CODE

1 EVENT HEAVY.JUNK GIVEN B
2 DEFINE B FLD TNK KNOW LEVEL OBS.NUM EQUIP.STAT
3 BAIDGi.STAT COUTER IS INTEGER VARIABME
14 DEFINE SIT.EEP.TIifi,INTXRV AS REAL VARIABLES
5 LET FLO FLD.NO(B~
6LET KNOW LEVEi. IT.P4P6.fLD4?LD))
7LET INTER? a 11.O '' 2 UPDATES

8 LET SIT.REP.TIMB = 15.0 ''TIME TO UPDATE STATUS
9 LET OBS.NUM1 a MNMFLDAFLDj)

10 IF KKILL(B) BE 1 AND EKILL) HE 1 AND

11 IF KNOV.LEVEL EQ3 M.TZ(B) 9E 5
12 IF T!P.FLD (FLD) NE 4I OR TYP FLD (FL) Q 4 AN
13 TRAP.CONTROL(O BS.IUM, OUTE(B),3 aQINF.C)
14 IF KV.STATE (B) BE 2
15 LET T.SPD (B) *TIME.?
16 LET COUNTER =INT.? ((SAMIN.FLD (FLD)*2.0/
17 (5L1M. SPDS(SS. TYPE (B) VIPN.TYPyE jf
18 SCHEDULE A QUIIC.4OVE(B,COUNTER.INT RIV) u
19 ALWAYS
20 LET MV.STATE(B) = 2 ''MOVING
21 LET DEFEUH B) - 5 "M1OVING"1 CALL HIDIR(S)
22 LET FLD.INT.DIST(8) -=AI L(Lj .

23 LET FLD.FORf(Bj -)11T.F(7iDFD
24 IF SLADE CONS!(B)EQ2
25 LET FSPEED FAC(B (P8.PLD(FLD)*1)/4
26 LET BLADE.COND (B) ,
27 ALWAYS
28 IF SYS.TYPE(B)E1AN

LWNYP (B) EQ 14 OR VPN. TYPE (B) EQ 5)
LETY PSPBD. AC(B) -(P8.FLD (FLD) +1)/1

31 LET TRAF.CONTROL(OBS.NUMS,ROUTE(B),'4) -0.0
32 RETURN
33 OTHERWISE
34 ALWAYS
35 CALL JUNK.&LIVE GIVEN B YIELDING

RQO IP.STAT BRIDGE. STAT
36 IF BRIDGE.STAT BE 1 41No BRIDGING M6UXPEENT
37 IF TYP.ILD(FLO) BE 6 0R EQUIP.STAT BE 1
38 17 TBAP.COITDOL(OBS.30M,ROUTE (B)4) -0.0

''NO BYPASS
33 SCHEDULE A STAND TO GIVEN B NOW
4LET 'M~K4b- 1OVE"f CALL HIDER(B)

41 LET PLD.IN . IS()=BN1L(L)-5.

43 LET COUNTER (IT,.PI.SARIN.FLD (FLDV
44l (.5*LIM.SPD SSST P3(B) eWPN 3TY j4u

45 SCHEDULE A QUIK.EOVE(BCOUNTERINTERV) VN
46 ELSE ''A BYPASS EIISTS/B.B BUST HAVE ONE
47 LET COUNTER a 10 *1INOUGH GAT TURNED
48 SCHEULE A TURI.AROUND GIVE N B NOV
49 SCHEDULE A QUIK*MOVE(BCOUITBRINTERV) NO
50 SCHEDULE A STAND.TO GIVEN 3 IN 3 UNITS

51FOR EVERY TNE IT SYSNI TfL~TJ 4  E3,D
53 1IF LD.NO(TYK) NE FLD
4 ~SCHEDULE A TUZL.ABOUND GIVEN TYR NOV

SCHEDULE A QUIX.NOVE(TNX,COUNTER,INTBRV~
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56 ALMAS
7 LOOP
8LET FLD.INT.DIST(B) RIMF.C

59 ALWAYS
60 RETURN

61 OTHERVISE
I AL17SSCHEDLE A HEAVY.JUIK GIVEN B IN

64 ALWAYS SIT.RZP.TIBRE UNITS
65 RETURN
66 END
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27. Evet GA. jog.

Purpose

Event GAP.JOCK gives entities that do not have a

bypass, the ability to cover by direct fire a breach already

in progress on their route of movement. This event is

scheduled from routine GAP.ENTRY and event G&P.JOCK.

Given Argument Integer

B - The pointer to the entity that is trying
to support another platoongs breach.

Events Scheduled

STAND.TO (this appendix)

QGIK. NOtB (this appendix)

Global Variable Real

TRAF. CONTROL (3-D) (Appendix A)

LIft.SPDS (3-D)

Indicates the limiting speeds for vehicles in a
mounted attack.

Permanent Attribute Integer

F.PLT UNIT

The first member of the set owned by the
permanent entity, PLATOON LEADER.

Recursive Variable Integer
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COUNTER

Contains the number of five second move
increments that vil take place for this
entity,.?his movement update is accomplished
by schedulIng event QUIK.UO Vi.

BRIDGE.STAT

Contains the status of the AVLBs in the
platoon.

EQUIP.STaT

Contains the status of the blade tanks in the
platoon.

nLD- Pointer %;o the field in guestion.

OiS.uff

Receives the value of the field attribute
NAW.?LD, This is the sequential id number in(or er oz eld creation.

TIK

Pointer to tbe first element in the platoon of
the activating entity.

Recursive Variable Real

ITENT

a constant term that is set so that element
locations are updated every five seconds during
a small portion of the simulation.

SZT. RIP. TINI

This is the tie between states checks on the
breaching operation.

Routines Called

34 8
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~HI DER

A Routine used to determine the sicro-terrainelevation for a selected element.

JUNK. ALIVE (this appendix)

Temporary Attribute Integer

BAGGED. BOY

This variable is an argument for event
STAID.TO. It carries the number of the entity
to be moved.

DE RNU

The current position or activity of an
element.

1 full defilade
tret s efilade

5 ov r aflade determined by
the r n oel)

6 reached f al area in movement

FLD.!O

wase of the field involved in any pending
internal action.

KKILL

Indicates whether an entity has sustained a
catastrophic kill.

0 no1 yes

HKILL

Indicates whether an entity has sustained a
nobility kill.

0 no
1 yes
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NAM. FLD

This is the sequential id number in order of
field creation.

NUM. POINTER

This variable is an argument for event
aQIg.MOVE It carries the number of the entity0. ;e moved.

REP. NUMBER

This variable is an argument for event
QUIX.ROVZ. It carries the number of iterations
of scheduling left for this event to perform.

ROUTE

Indicates the number of the route along
which the element is travelling.

0 not using a route

SABOT. SHOOTER

This variable is an argument for event
GAPJOC9. It carries the number of the
activating ent ty.

STS. TYPE

This represents the general class of the
system of the entity.

1 tanks
I anted 14fantry

x3funted infantry

5api lerya
a r defensebanker
comm/ew/acq/intel

9 other

UPN.TTP3

Describes the specific system within the syste
code.
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Temporary Attribute Real

rLD. INT. DIST

This attribute of an entity contains the
distance to a pending field internal action.

INT.TIME

This variable is an argument for event
QUIK.SOVE. It carries the tine interval number
when the next event is to be performed.

SAIN.FLD

This field attribute is the semi-minor axis
length of the elliptical field in meters.

Brief Explanation

Lines 9-16 9hen a breaching operation is ongoing

by another platoon on this route,

then a status check is made on this

operation. If it is still in

progress, another similar status

update is scheduled to occur in the

future.

Lines 17-22 The flag that indicates an in-

progress breaching operation can be

lifted/nullified by a successful

breach or by a fatal attempt. In any

case, the entity starts to move

( toward the gap obstacle. Routine
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GAP.INTEBIAL sorts out the

appropriate actions to occur next.

1;ODE

1 EVENT GAP.JOCK GIVEN B
2 DEFINE B OBS.unJ PLD TYK ESHIP STAT ,BRIDGL.STAT,

C6UNTiR A§ INIEGE1 VARIBLES
3 DEFINE SIT.REP.TIME, INTEBY AS REAL VARIABLES
4I LET ?LD ; PLD.UO( B)
5 LET OBS.NUS NAN .FLD(F LD)
SLET INTERT 5.0 I'lOVE UPDATES
LET SIT.REP.TIME 15.0 @*TIME TO UPDATE STATUS

8IF KKILL(B) BE 1 AND MKILL(B) NE 1

18 IF 1 RAF.CONTROL(OBS.NUI, ROUTE(S) .4) NE 0.0
F.PLT.UNIT (INT.FTRAP.CONTROL(OBS.NUB ,ROUTE(B),4)))

11 CALL JUNK. AIVE GIVEN TN K YIELDING
EQUIP.S TAT, BRIDGE.STAT

12 r? IQUIP.STAT a 1 OR BRIDGE.STAT - 1
13 SCHEDULE A GAP.JOCK GIVEN B IN

SIT.REP.TINE UNITS
14 RETURN
15OTHERUWI SE
19 ALWAYS
1LET.COUNTER = INTO? SABIX.ILD(FLD *2.0~

18 ( *I.PSS.TPE (B) ,WPN.TYP*Bi ET
19 SCHEDULE A QUIK.HOVE B COUNTER INTERV) Now
20 SCHEDULE A STAND. TO GIEN B N06
21 LET DZFlU34! -) 5 "NBOTING"' CALL HIDERIB)o(22 LET PLD.1U .IST(B) -SAEIIN.FLD(FLD) 50o.0
J3 AWAYS

25 END
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1'D
INPUT11 INSRU=ONZ2ILL Q nId A" ENINEER MOLEl

A. INTRODUCTION

In order to emFlace obstacles in a STAR Combat

Simulation the obstacles must be planned in advance. Once

the user has planned the use of obstacles and their effects

on the tactical play of a simulation, then the input values

to implement the plans in STAR may be determined. This

appendix consists of instructions for the user to input the

required field parameters in order to represent obstacles in

STAR. In addition, the necessary parameters for the

representation of certain breaching equipment and different

tactical options for the commander are also provided. In

order to make this very clear, sample input values of the

required data for the Engineer Effects module are also

included.

The first step is to determine the X and T coordinates

of the center of each obstacle. Once these values are

known, then the size of the obstacle can be approximated

using an ellipse. This is possible because an ellipse has a

major and a minor axis. The routes of movement of entities
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in the simulation may pass through some of the obstacle

ellipses. Once the obstacles and routes have been planned,

the user is ready to implement these plans in a STAR

simulation.

B. OBSTACLE/FIELD REPRESENTATION

The first step in simulating obstacles in STAR is to

input the OB.NUN (the number of obstacles in the scenario)

and the RT.OB.NU tthe number of routes affected by

obstacles). These input parameters are discussed in detail

in Appendix k. The next step in creating obstacles on the

STAR battlefield entails using the following three outlines

of obstacle field attributes. These inputs are placed right

after the OB.WUH and RT.OB.NUH numbers.

1. Hinefiejds

The following define the attributes of the field

used to simulate a minefield in STAR:

XC.FLD = I coordinate of ellipse center.

YC.FLD = i coordinate of ellipse center.

SAHAJ.FLD = Length of the semi-sajor axis of

ellipse in meters.

S&KIE.FLD u Length of the semi-minor axis of

ellipse in meters.

ANGLE.FLD a Angle of semi-major axis measured
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counterclockwise from the east in

degrees.

TYPE.FLD = 2

PI.FLD = O(not active) or the number of mines in the

scatterable minefield.

PI.FLD = 0 or I to signify not activated or activated for

a patterned minefield.

P2.FLD = Trip wire length in meters for Scatterable

Anti-Personnel mines.

P2.FLD = Belt separation in meters for Patterned Anti-Tank

mines.

P3.FLD = mine type (1-11)

1 - 870 Scatterable Anti-Tank mine
2 - M56 Scatterable Anti-Tank mine
3 - f21 Hand-Emplaced Anti-Tank m ne
' 115 Hand-Em laced Ant -Tank mne

- M19 Ha n- Emslaced Anti-Tank mine
6 14 Ant;-Personne Blast mine
7 - 16 Anti-Personne Blast mine
8 - 5 Ant -ersonnel ras mine
9 - ADA Anti-Personnel Fr g mane

10 - E74 Anti-Personnel Fraq mine
11 - Claymore Anti-Per unel Frag mine

P4.FLD a Probability of detection and avoidance.

P5.FLD a Probability of pushing a dead plow tank

(I-P5.FLD) = offset probability

P6.FLD = Knowledge level of this minefield

0 - No knovledge exists
2 - Knowledge exists
3 - Knovwlqe zixsts and a lane exists

(its location is knovn)

P7.FLD = The lane formation
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(This and the offset formations are the last

formations to appear in the appropriate

part input deck.)

P8.FLD = Lane speed factor

(value between 0-1/small is slower)

P9.FLD = Plow activation delay time in seconds

PIO.FLD = Plow speed factor

(value between 0-1/should be < P8.FLD)

P11.FLD - Push speed factor

(value between 0-1/should be < P1O.FLD)

P12.FLD = Minefield detection distance

a. Input Example for a Patterned Minefield

This is the input data for a patterned/belted

minefield.

53000 101500 500 200 90 2 1 50 3 .1 .5 0 3 .8 15 .6 .4, 100

The location of the minefield center is:

I coordinate 53000

Y coordinate 101500

The semi-major axis length is 500 meters.

The semi-minor axis length is 200 meters.

The orientation angle of the minefield measured

counterclockwise from the east is 90 degrees.

I ainefield is type number 2.
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The minefield is active, signified by the number 1.

4 The spread between mine belts is 50 meters.

This minefield was emplaced using 1-21 mines (number 3).

The probability of detecting and avoiding a mine is .10

(tilt rods may be visually detected)

The probability that a tank will push a dead plow tank

is .50.

The attacker does not have intelligence about this

minefield. (knowledge level is 0)

The lane formation is the third formation in the formation

input list for this example.

When a vehicle is \travelling on a lane in a minefield, its

speed is reduced by 20%. (input number is .8)

It takes 15 seconds for the plow tank to activate its

plow.

When a vehicle is plowing, its speed is reduced by

40%. (input number is .6)

hen a vehicle is pushing a dead plow tank, its speed is

reduced by 60%. (input number is .4)

The distance travelled in a field before visual

identification of the minefield by a vehicle is 100

meters.
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b. Input Example for a Scatterable Minefield

This is the input data for a scatterable anti-

tank minef ield.

53000 101500 500 200 90 2 900 0 1 .4 .5 0 3 .8 15 .6 .4 30

The location of the minefield center is:

X coordinate 53000

Y coordinate 101500

The semi-major axis length is 500 meters.

The semi-minor axis length is 200 meters.

The orientation angle of the minefield from east is

90 degrees.

A minefield is type number 2.

The minefield is active and has 900 mines in it.

This type mine (anti-tank) does not have trip wires.

(input number is 0)

This minefield was delivered using B-70 mines. (The input

number is 1.)

The probability of detecting and avoiding a mine is .40.

The probability that a tank will push a dead plow tank

is .50.

The attacker does not have intelligence about this

minefield. (The knowledge level is 0.)

The lane formation is the third formation in the
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formation input deck.

When a vehicle is travelling on a lane in a minefield,

its speed is reduced by 20%. (input number is .8)

It takes 15 seconds for the plow tank to activate its

plow.

When a vehicle is plowing, its speed is reduced by 40%.

(the input number is .6)

When a vehicle is pushing a dead plow tank, its speed

is reduced by 60%. (input number is .4)

The distance travelled in a field before visual

identification of the minefield by a vehicle is

30 meters.

2. 2AaObE t

The following defines the attributes on the field

used to simulate a road crater, tank ditch or blown

bridge (short-wet gap) in STAR:

IC.PLD - I coordinate of ellipse center.

TC.?LD a Y coordinate of ellipse center.

SAN&J.FLD - Length of the semi-major axis of ellipse

in moters.

SAIII.FLD u Length of the semi-minor axis of ellipse

in metors.

ANGLB. D a Angle of semi-major axis measured

(
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counterclockwise from the east in

degrees.

TYPE.FLD = 4(tank ditch); 5(road crater); 6(blown bridge).

P1.FLD = The activation level of the obstacle.

0 - not activated
1 - activated

P2.FLD = 0

P3.FLD - 0

P4.FLD = 0

P5.FLD = 0

P6.FLD = Knowledge level of this obstacle.

0 - No knowledge exists
2 - Knowledge ex4sts
3 Knoweade exists aId a lane exists

(we knee where it is)

P7.FLD = The lane formation (This can be just a column

formation. There is no choice as in the

sinefield case.)

P8.FLD a Lane speed factor. (A value between 0 and 1,

smaller is slower.)

P9.FLD = IVLB activation delay tine in seconds.

(Typical values range from 180 to 300 seconds)

PIO.FLD - Tank dozer breach time in seconds.

(Typical values range from 360 to 480 seconds)

PIl.FLD - Tank self breach tine in seconds.

(Typical values range from 400 to 600 seconds)
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P12. FLD = Probability of a self breach getting stuck

in the ditch.

a. Input Example for a Tank Ditch

This is the input data for a Tank Ditch.

53000 101500 500 200 90 4 1 0 0 0 0 0 3 .8 180 360 400 .3

The location of the tank ditch center is:

I coordinate 53000

Y coordinate 101500

The semi-major axis length is 500 meters.

The semi-minor axis length is 200 meters.

The orientat~on angle of the tank ditch from east is

90 degrees.

A tank ditch is type number 4.

The tank ditch is an actual/active obstacle signified by

the number 1.

The next four entries are zeros.

The attacker does not have intelligence about this tank

ditch. (The knowledge level is 0.)

The lane formation is the third formation in the

formation input list.

then a vehicle is traveling on a lane through/over a

gap obstacle, its speed is reduced 20%. (input number

is .8).
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It takes 180 seconds for the AVLB to bridge the gap

• in this example.

It :akes 360 seconds for the blade tank to breach this

gap.

It takes 400 seconds for a self breach to take place.

The probability that the vehicle will be immobilized

aurinq a self breach is .30

3. Decisi n mllirses

The following defines the attributes on the field

used to simulate the decision ellipses for all types of

obstacles in STAR: (VARING: A blown bridge obstacle must

always have a bypass route and a bypass movement control

point set. The vehicles cannot "bull through* an obstacle

of this type.)

KC.PLD - I coordinate of ellipse center.

!C.FLD = T coordinate of ellipse center.

SAAJ. FLD - Length of the semi-major axis of ellipse

in meters. (This must be large enough

so that each element in a platoon hits

the decision ellipse.) (CAUTION: Bake

sure routes are not too close to

each other. The user cannot let units

on one route hit a decision ellipse on
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a different route, except when lateral

movement is being performed.)

SAHIN.FLD = Length of the semi-minor axis of ellipse

in meters.

ANGLE.FLD = Angle of semi-major axis from east in degrees.

TYPI.FLD = 3 (minefields) and 7 (gaps).

PI.FLD = The field attribute that allows the tactical

option to bypass an obstacle if the battlefield

situation warrants it.

0 - This route has no bypass available, the

entity will move to the obstacle and

attempt a self-breach. ("bull through")

route number - This is the bypass route to be

used.

P2. FLD = The bypass HCP that is on the bypass route.

(if not applicable enter a 0)

P3.FLD = The obstacle number in front of this ellipse.

This allows the decision ellipse to check on

the level of knowledge about the existence of

the obstacle.

0 - This is a decision ellipse on a route that

circumvents the obstacle. The only purpose

4 of this decision ellipse is to get lateral
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moving entities back into route formations.

obstacle number - This is the sequential input

number of the obstacle to be encountered

in front of this decision ellipse.

P4.FLD = 0 (set to present route during simulation)

P5.FLD = 0 (set to present ACP during simulation)

P6.FLD = 0 (set to a counter during simulation)

P7.FLD = 0 (not used)

PS.FLD = 0 (not used)

P9.FLD = 0 (not used)

P10. FLD = 0 (not used)

PI1.FLD = 0 (not used)

P12. FLD = 0 (not used)

a. Input Example for a Kinefield Decision Ellipse

This is the input data for a Ninefield Decision

Ellipse.

53700 101700 100 100 90 3 14 3 1 0 0 00 0 00 0 0

The location of the Decision Ellipse center is:

I coordinate 53000

Y coordinate 101500

The semi-major axis length is 100 meters.

The semi-minor axis length is 100 meters.

The orientation angle of this decision ellipse from the
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east is 90 degrees.

k minefield decision ellipse is type number 3.

The bypass route is number 14.

The bypass MCP is 3.

The obstacle in front of this decision ellipse is

field number 1.

The next 9 entries are zeros.

C. ARMORED VEHICLE LAUNCHED BRIDGE REPRESENTATION

The target dimensions for the vehicle launched

bridges were found by finding the dimensions of the bridges

on the US AkLB and the Soviet BTU-20 and patting these

bridge types on the K-1 and T-72 tanks, respectfully.

The next line is the US 3-1 ALB.

1 4 1.5 2.24 -.0 3.74 4.0 3.7 8.0 11.15 .0 .60

The next line is the Soviet T-72 bridge.

1 5 1.35 1.92 .0 3.27 3.3 3.38 5.2 11.6 .0 .59

These entries are specified as follos:

1. system type

ORl he 1l (noetgra4. turret/b begh (motors)

5. not appl c:le..enllre veBA nl heigh (meters)
.r ace wl$. ( noe~s

on.a (a, ei th (as ers)
RI nka4ll vidt sg mers)

10. uaunch 1/c1rrie bdge width(neters)
11. not a licable
12. th p 9 of total vehicle height abovenUA semIade.
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The above dimensions are for future systems. If today's

arsenal is to be represented, then actual vehicle

configurations and dimensions must be used.

Limiting speeds for these bridges have to be added to

the input deck along with the dismounted limiting speeds.

Bridges neither carry nor shoot ammunition. This

characteristic can be simulated by putting a zero in the

types of ammunition block on input. An example follows:

1 4 0
1 5 0

The first entry is the system type.

The second entry is the weapon type.

The third entry specifies the different ammunition types

for this vehicle.

The array POINT.HOLD should be modified as follows:

1 4 9 1 0 0 0 0 0 0 0 0 0 0 0 0 0

The system/weapon target selection array for the vehicle

launched bridges have to be added so that they are unable to

select targets for firing.

1 0 0 00 0-1000 etoers)
1 0 0 0 0 1000-2000 meters)
1 0 0 00 > 2000 meteors)

The same additions have to be made for the T-72 bridge.

15 91000000000000 0
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~10000

These now entities, Armored Vehicle Launched Bridges,

aist also be added tc the target selection arrays of their

respective enezy entities.

The suppression data for each type bridge must be added

to the input deck.

D. OFFSET FOREATIONS

The next area of input that must be discussed is the

lane and offset formations. These new formations allow the

ngineer Nodule to simulate lanes, breaching operations, and

the detour of elements around killed vehicles. The

following example is a sample of a FORE. OFFSET array.

1 8 8 go-8-1o90 8 qo518°- 408
~~0 ! 0 :1 ~~j~i820-200210

g ~8 :~ 0J :10i Wills~8:~8
10 100 8 :1o-s 0,''o 30 :200 30 o ,

7 0 -50 10-I0 40 -150 O-200 40

The first number (7) indicates that there are seven

formations to follow.

The first formation in the list is a five place line

formation.

column I Specifies this formation as number one for the

program.
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column 2 Specifies that there are five postions in this

formation.

column 3-4 Specify the X and Y offsets for the vehicle.

This entity has a formation postion equal to

one.

Each succeeding pair of numbers specifies the formation

offsets for vehicles with formation positions which are in

increments of one. A vehicles formation position is the

same as his POS.IN.PLT.&REA .

The second formation is a five place column formation

with tank one (0,0), in the middle of the platoon.

The third formation is a five place breaching formation

with the first tank in the lead. This tank should be the

plow tank for this platoon. Tank one can be the plow tank

if the element data is assigned in the proper manner.

The fourth formation is the first offset formation.

This formation would be the first used if a dead vehicle

became an obstacle to movement on the route. All elements

are in the same relative positions within their platoon as

dictated by formation number three, the breach formation,

except that the platoon has been displaced 10 meters to the

left of its route.
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The fifth, sixth, seventh formations are the same as

formationi number three, except offsets of 20, 30, 40 meters,

respectively, have been added as Y-displacements off the

route. The number of offset formations, not including the

lane/breach formation, depends on the number of mechanized

entities in the largest platoon in the scenario. The number

of offset formations should be at least this large.

E. TkK BREACHING ATTACHMENTS

The Nine Plow and Tank Dozer Blade characteristics for

individual entities are submmited for the simulation as part

of the element data in the input deck. The input position

definitions are defined below.

position:

I MNE The element number of the entity.

2 S!S.TTPb This represents the general class of

the system of the entity.

I Tanks
i panted infatry
Dismounted !nfantry

6 'ir defense
7 Bunker
a Comm/ew/acq/intel
9 Other

3 VPN.TYPE Describes the specific system within

the system code. For example, system

type is a tank and weapon type of seven
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for this system indicates a Soviet T-72

tank.

4 SEC Indicates the number of the SECTION

to which the entity belongs.

5 PLT The number of the PLATOON to which the

entity belongs.

6 Co The number of the COMPANY to which the

entity belongs.

7 BY Indicates the number of the BATTALION

to which the entity belongs.

8 SQDVEH Indicates the number of the entity's

squ(,d vehicle.

9 PLTLDR The olement number of the entity's

PLATOON LEADER. The PLATOON LEADER

must be the first element input in his

PLATOON.

10 COCDR The element number of the entity 4s

COMPANY 7OMMANDER., The COEPANY

COMMANDER is the first entity input in

his COMPANY.

11 ST&RT.AREA The number which identifies the

starting movement area for this entity.

12 ALIVE.DEAD Indicates whether the entity is alive

f
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or dead.

0 Alive
1 Dead
2 Alive mounted in carrier.

13 FIR.MODE Indicates the mode of fire that a

dismounted element is to use.

0 Fires in a seai-automatic mode.
I Fires in an automatic mode.

14 PLOW.COND This unit attribute gives the tank

a mine plow.

0 No plow
1 Plow attached

15 BLADE.COND This unit attribute gives the tank

a bull dozer blade.

0 1o blade
I Dozer blade attached

The following is an example of two typical element data

entries:

45 1 7 45 15 4 2 45 45 40 601 0 0 1 0

46 1 7 46 15 4 2 46 45 40 601 0 0 0 1

In this example - Element number 45 is a Soviet T-72 tank

with a mine plow attachment.

- Element number 46 is a Soviet T-72 tank

with a dozer blade attachment.

In this appendix, the authors have not tried to give

(
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complete use= input instruction for STAR. The input

instructions given are enough for the current user of the

STAR model to r-un the model with the Engineer Effects

Module. If more complete instructions are required, then

the reader is directed to the STAR Combat Model

documentation currently in use.
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