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ABSTRACT

This thesis presents a stochastic simulation model of Field Artil-

l ery that Is des i gned to be used in conjunction with the Simulation of

Tactical Alternative Responses (STAR) battalion combat model The

tactics modeled , the assumptions made , and the interface requirements

are detailed , with the computer code that is used to execute the model

1: included . A clustering al gorithm that was developed to simulate the

grouping of detected vehicles by the forward observer is dis cussed.

A typical simulated fi re mission is presented wi th computer plots of

each element of the fi re mission , accompanied by the computer output

tha t details the interactions . This graphical presentation w i ll enable

the reader to better appreciate the potential appl i cations of the

model . The input requirements to use the model are explained so that

this thesis could become the initial user ’s manual for future app l ic a—

tions of the FA model with the STAR model . The design requirements

for an FA model to support the bri gade version of the STAR model are

discussed .
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. INTRODUCTION

‘The instruments of battle are valuab l e onl y i f one knows how to
use them .”

Arda nt du Picq

The nature of combat prevents ‘practice befo re hostilities . Peace-

time exercises do not faithfull y represent the actions of war. The

ana lys t , then , must use models of combat to help Jeve lop equipment and

operat ional techniques for t~ie future ~att1e fiel~i. A n umber of combat

mo dels ha~e Seen developed .Asing observed a n d  assumed relationships

between the relevant combat proces ses . The ~uanti ta tiv e resu lts and

the understanding gained frcm such nodels assist i n  determi’iin~i the

most effectiv e -ii i ~ture of weapons systems . The purpose ~f this thesis P

is to model the F ie l d  A r t i l l e ry ’ s contribution to the 2entral Sattle .

This model is designed to inter ace -~it h and become part of an up-

dated version jf the Simu l ation of Tactical ..\lter nat iv e ~es~onses

~STA R~ combined arms model developed D v  Wal 1 ace and ~a~ewood ~~ef . 1 .

Written in the Sim scri pt simul a tion langu ag e , the STAR ~iodel is a mid—

- 

- 

resolution stochastic computer simul ation of combat b e tw een a J .S.

~

31ue

~ 

Ba ttal ion an d a Wa rsaw ~act ~Red~ ~egim ent. Th i s ~ie1d Art il-

lery model i-s a module that adds a simulation ~f ~iè1d A rti l1~ rv to

the STAR model

The Field A rti ll ery ~.FA) model considers the ~3jor ~~eld Art i lle r~

events and actions tha t occur in the orocess of fi~ r itin ~ the batt l e.

Al though it is a simp lificati on and aprrox iina tion ~f t~ie real flow ~f

even ts , it portrays the fabri c of the FA D a t t l e .

10
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The process of model build i ng and anal ysis is iterative. This

model b u i l d s  on the log ic o f  a previous model developed by Kell eher

[Ref. 21 . The Kelleher model represented a sin g le Blue Field Artillery

battery wi th simpl i fied target acquisition and damage assessment func-

tions . The model presented here has a number of enhancements: detailed

target acquisition , damage assessment , two—s ided artillery , an d mul-

tiple representation of artillery elements . Chapter III details the

assum ptions , tactics , and procedures used to model the Slue art illery .

The Red artillery representation i s  discussed in Chapter ~V. I n

consonance with Warsaw Pact doctrine , the ~ia~ori tv of the f i re-s were

preplanned . The Red ar t i l lery was modeled at a lowe r level  of resolu-

tion than the 3lue artillery due to a smaller available data base.

The logic and the computer code used in the Field Arti l lery model

are explained in Chapter V . As background materia l , the STAR mode ’ and

the Simscri pt language are described . Each routine and event i’i the FA

program ~s explained ; the variables are described ; and a l~ st~ng of

the code is given. Routines and events from the basic STAR model

which required modification are presented at the end of the chapter.

Chapter V I presents a typical f ire mission from a production run

of the model . The term production is used to descri be the STAR -nodel

with the Field Artillery module added . At ~elected times in the pro-

cess i ng of the mi ss i on , a plot was made of the arti lle r~ elemen ts i n-

vo l ved in the fi re mission. These plots are accompanied by the detai l ed

computer printout for that phase of the fire m ission.

Chapter VII enumerates possible extensions of the battalion level

FA model . Recommendations for enhancements in the areas  of target

acquisition , command and con trol , amu n ition , and damage assessment are

giv en.

11

~~~~~~~~~~ . ~~~~~~~~~~~~~ ~~~~~~~~~~~
.,



- ~~~

- •— ----- -
~
-- 

~~~~~ ~~~~~~~~~~~~~ ~~~- - - -.---- ~-. J~ILL ~~~~~~~~~~~~ 
—

~
------

~
- ------

Since the STAR model wi l l  become a bri gade model , Chapter V III pre—

sents the methodology for extension and modifi cation of the FA model to

fit brigade requirements . Additions include counterfi res between

artillery units , movement of artillery , higher resolution of command

and control functions , and additional target acquisition capability .

AppendIx A descri bes the input requi red to run the model wi th the

current version of STAR . The data are described , the arrays enumerated ,

an d the fo rmat discussed. A user should be able to desi gn appropriate

input , based on the presentation in this appendix.

The current version of the model is built to portray the Central—

European battl e in 1986. Assumptions about equipmen t, tactics , and

organizations were based on the experience of the author and , in

genera l, were validate d by the United States Training and Doctrine

Command. This model is not a full presentation of actual combat:

modelin g simpl i fications have been made in several areas . In the

opinion of the autho r , none of these simplifi cations are cri tical to

the model .

12 
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II. THE FIELD ARTILLERY SYSTEM

Success on to day s batt le field requi res a wel l tra i ned combi ned

a rms team . One of the members of th i s team Is the Fi el d Ar ti llery,

whose miss ion is to suppress , neu tralize , or destroy the enemy using

cannon , rocke t , and mi ss i le f i res and to integrate all suppor ti ng

fi res into combined arms operations [Re f. 3]. To support this mission ,

there are three major categories of artillery fi res : (1) indirect

fi res in support of the maneuver forces , (.2) counterfires against enemy

indi rect fire systems , and (3) interdiction fi res on the enemy second

echelon . The counterfi re , interdiction , and fire support coordination

functions are not addressed In this version of the model

Support of  maneuver forces requires the ar t i l lery  to fi re where

ground elements are fi ghting the Central Battle. In the European

scenario, the enemy in the Centra l Battle may be characteri zed in

artillery terms as composed of many moving, armored targets . Targe t

loca tion is very difficult for the forward observer (FO) of the fire

support team (F t ~ T ) .  The FO must est imate the target ’ s locat ion , speed ,

direction , and the time until the artillery rounds impact. Based on

these assessments , the FO estimates where the targe t will be ~vhen the

rounds land . When the rounds do actuall y detonate , they must be very

close to the target to achieve any kind of dama ge . Due to round—to—

round delivery errors , artillery is most appropriate for attack of

personnel , thinl y armored , an d ot her ‘soft ’ targets [Ref. 41 . To the

know ledge of  th i s au thor , the tota l contribution of the artillery to

the Central Ba ttle has not been accurately measured in quantitative

terms , par ticularl y in the area of suppression. It is relatively easy

13



to determine If a target is destroyed but the effect of artillery on

the human comba t process is more d i f f icul t  to quantify . For examp l e ,

even If an art i l lery round misses an enemy rifl eman by 50 meters , the

shock , noise , and dust tha t result may degrade the accuracy of his

fi re .

The autho r assumes that there will be different levels of dama ge

by artillery against hard targets . En addition to destroying vehicles ,

artillery can disrupt or slow a column of enemy vehicles , cause them

to di sperse , or degrade their vision. The other members of the combined

arms team are then in a better posit ion to destroy the targets in that

column with direct fi re .

The most effective method of accomplishing the Field Artillery

mission is through the coordinated emp loyment of all elements of the

Field Artillery system . These elements are target acquisition ,

gunnery , weapons and ammunition , and command and control . Target ac-

qulsitlon is the proces s of detect ion , identi f icat ion , a n d  r e p o r t i n g

of the target. Accurate and responsive targe t acquisition is required

if targets are to be effectivel y attacked . A number of target acquisi-

tion devices are ava i lab le  wi thin the Field Artillery system . Human

observers , cal led forward observers ( FOs) , accompany the maneuver

forces on the battlef ield. These observers , who comprise a fi re support

team (FIST). provice both target acquisition and fi re support coord i na-

ti on to the company team. (The FIST confi guration modeled has ~.ne

forward observer.) Other means of acquisition available within the

Field Arti l lery system include moving—target radars , indirect f ire

weapon—locating rada rs , sound— ranging bases , flash -ranging observation

posts , and aerial observers . Outside the Field Artillery . in tell i gence

__



agencies collect comba t info rmation that can be converted Into target

info rmation.

The second element , gunnery , is the process of transforming target

Information into firing data . The fi re direction offi cer (FDO),

located in the fi ring unit fi re direction center (FOC), decides how to

attack the target. He cons i ders the type and amount of ammunition re-

quired , the number of weapons to fi re, the method of attack , the

accuracy of location , and the time of detection. Upon the comp letion

of this analysis by the EDO , the fi ring data are computed by a field

artillery di gita l automatic computer (FADAC). Gun crew personnel re-

ceive the firing data , load the ammunition , position the weapon , and

fire the projectile towards the enemy . Two types of missions are most

often fi red at the fi ring unit level . The fi rst is an adjustment

mission in which the firing unit begins by fi ring a single round . When

this round lands , the EU spots the location of the impact in relation

to the target and sends a correction to the FOC. The FDC computes new

fi ring dat a and the firing unit fi res a new round. When the EU ob-

serves the most current round impact close enough to the target that

he is conf ident that he can move the next round onto the target , he

indicates that the mission should enter the fi re for effect (EVE)

phase , in which multiple weapons fire . This type of mission is most

appropriate for targets which are moving and targets with a large

target location error; however , it is less effective than the second

type of mission , which is fi re for effect (FEE) with no adjustment.

This type mission is appropriate for static targets which have a small

target location error and for soft dispersed targets where precision

Is not required , but in which surprise is essential. The use of FEE

15
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fires and mass fires (in wh i ch a number of artillery units fire upon the

sa me target at the same time ) maximize the damage to enemy ta rgets .

Field Artil lery weapon systems currently available within the

a rmored division are the 155mm howItzer and the 203m howitzer; the H

general support rocket system (GSRS) is scheduled to be fielded to the

division in 1986. Types of ammunition for cannons include hi gh explo—

sive (HE), dua l purpose improved conventional munitions (DPICM),

H family of scatterable mines (FASCAM), and smoke . As an area fi re sys-

tem , the Fi el d Artillery is limi ted in its ability to destroy point

targets without cons i derable expenditure of ammunition. Under develop-

ment, however are 155m laser— guided projecti l es (cannon launched

gu i ded projectiles ) which will allow the Field Artillery to fi re

against point targets wi th a high probability of a fi rst round hit.

The fourth element of the Field Artillery system is comand and

control . Planning and coordination insure proper allocation of

artillery fi re , a scarce resource on the battlefield , to support the

battle. The allocation of artillery assets among direct support fi res ,

interdiction , and counterfi re plays a large part in the successful use

of the Fiel d Artillery . Effective command and control ensures that

the Field Artillery system provides responsive and accurate fire

support .

16
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III. BLUE REPRESENTATION

A. GENERAL

The Blue artillery force was modeled at a high level of resolution

because a large data base was ava ilab le concerning Blue equipment and

operationa l techniques . A number of assumptions and simplif i cations

were made in designing the Blue operations : all were based on the

scenario for which the model was Initia l l y desi gned .

1) The specifi c Field Artillery system mode l ed was a ‘slice ’ of a

direct support VA battalion and its reinforcing artillery . This ‘slice ’

consisted of one 155mm M109A1 battery and one reinforcing 203mm M11OA1

battery . The 155mm battery was in direct support (OS) of the Blue

battalion. It consisted of two fire direction centers and two four—gun

firing units . Each FDC and fi ring unit worked together as a ‘mini —

battery ’ . The 203m battery consisted of one FDC and one four-gun

fi ring unit. The Blue battalion had three FIST teams , located in the

vicinity of the company team comanders that they suppo rted . Target

acquisition was the only FIST function mode l ed . The FIST was confi gured

for an armored divis ion wi th one FO per company team . Each FO was

equipped wi th both a laser range finder and a position locating device.

Riding In a special FO vehicle , the EU did not engage any enemy vehicles

wi th direct fi re . If the EQ and his ve hicle were destroyed , the target

acquisition function would be transferred to one of the surviving

platoon leaders in his company . (In current productic n runs , the FO

was not ever kil led because he did not give his position away through

direct fire.) This alternate VU would continue to engage the enemy

with direct fi re and , in addition , would call in arti l lery ; there was no

special equipment for the alternate EU.

17 
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2) Both HE and DPICM ammunit ion types were available for the Blue

forces. Since the battle modeled was short , all targets were armored ,

and there were no ammunition constraints , DPICM was used exclusively

by the Blue artillery . The commander ’s guidance was assumed to have

specified suppression fires . (It was assumed that four volle ys would

be sufficient for suppression effects since cannon launched guided

projecti l es were not available.)

3) Each fi ring unit fired one mission at a time . Since all

targets were moving targets , all missions were adjustment missions .

4)  Each FOC was allowed to accept up to two missions to process

at any one time . Missions were sent to the reinfo rcing battery onl y

if both OS FDC ’s had at least one mission.

5) The firing un i ts did not mass fires . Mass fi res are the com—

bined fires of many artillery units against the same target at the

same time .

6) The model was designed to allow the user to specify the maximum

number of missions that one VU was allowed to process simu l taneousl y.

Initial analysis Indicated that one way to increase the FO’s effect

against moving targets was to fi re one mission at a time . Because the

targets were m o v i n g  at fi ve to sIx meters per second , any mission t h a t

had to waf t  became ‘ s ta le ’ very quickly.

7) All missions fi red were adjusted by the EU, The FO was allowed

to enter fi re for effect (FEE) If the radial miss distance of the ad—

ju sting round was within a given tolerance (a user input value). A

tolerance of 300 meters was chosen for use In production runs because

the FO was operating in a defensive situation and had had an opportun i ty

to conduct a terrain analysis. It was felt there fore that the EQ coul d

18 
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7
move the volley ’s effects onto the targe t with one final correc-

tion.

8) Coordination in the FOC precluded different FOs from fi ring at

the same target. As each mission was processed by an FDC , the target’s

location was checked against all other current missions . This slmu—

lated the fire support coordination that would prec lude duplication of

targets . The tolerance allowed between the aim -points of fire missio ns

was an input value . If the difference between the aimpoints of two

missions was less than this input value , the most recent mission was

cancelled . The value used in production runs was 50 meters .

9) A priority system was devised for the targets (groups of

vehicles). The priori ty scheme gave a weight to the target equa l to

the number of vehicles in the group divided by the distance that these

vehicles were from the EQ . This elementary wei ghting scheme was

selected because the author felt a smal l group of targets would seem

more dangerous to the FO than a larger group farther away . Since the

terms “small ” , ‘larger ” , “close ” , and “farther ’ are subjective , the

appropriate criter ia would be based on military jud gement concerning

the particular situation. This grouping of vehicles is called a

cluster . Figure 1 shows a cluster ’s priority based on range and

number of vehicles In the cluster. The EQ selected the group of

vehicles wi th the hi ghest priority to use as his target. The EQ was

not allowed to fi re at a group containing fewer than three vehicles .

The number three was chosen for use in production runs because it was

felt that this was the minimum number of vehicles that could ‘ pro fi t-

ably ’ be enga ged.
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10) TACFIRE equipment was used within all organizations . The d i gita l

message device (DM0), a burs t transmission device , was used between the

EQ and the FDC . In the model the EQ sent his message to the fi rst DS

firing unit FOC , the second OS fi ring unit FOC , and the reinforcing

battery FDC , in that order . The battery computer system (BCS) replaced

the FADAC in the FDC .

B. PROCEDURE FOR EACH FORWARD OBSERVER

The STAR model provided a detection model which simulated the pro-

cedure by and time at which the observer in a tank or other vehicle

acquired enemy vehicles . In the Fl model , the VU acquired targets by

searching in the same manner as the tank commander , i .e. the FO used

routines from STAR to deve lop~a list of targets . The computer simula-

tion checked each veh icle against every other vehicle at given intervals

and evaluated the probability of detection (event ‘STEP.TIME’). In the

Simscript programming language . an event is the computer procedure for

accompl i sh i ng a number of tasks a t a given time . The computer places

these tasks in chronological order by ‘ s c h e d u l i n g ’ them appropriatel y.

The time of detection was computed as a function of line of sight , range

to targe t , and observer ’s search pattern . Detection occurred at the

appropriate time (event ‘ DETECT’) and the target that was detected was

added to the PU’s target list (routing ‘LIST .UPOATE’). The FO evaluated

all detec ted targe ts as can did a tes for a fire mission (event ‘CLUSTER .

UPDATE ’). If the EQ was not already processing the maximum number of

missions allowed , he aggregated his targets from the target list into

clus ters . If he had a cluster ‘important ’ enough , he requested a fi re

mission. The EQ prepared a call for fi re and attempted to call a fi re

mission on the battery fire net (a radio frequency dedicated to fi res

L -~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -~~~~~~-—“—~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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for the given OS battery) with the battalion FOC (Bn EDC ) monitoring ,

(event ‘COMMO.ATTEMPT’). If the OS battery radio frequency was busy ,

another communications attempt was made five seconds later , (event

‘COMMO .ATTEMPT’). Once the communicati on was received , the Bn FDC

TACFIRE would allocate missions to the firing units in the following

order: first firing unit and then the second fi ring un it. If both DS

firing units were busy , the call for fire was referred to the reinforc-

ing FDC . If all firing units were busy , a f i ri ng un i t was selecte d

based on the status of the FDC , the f i ri ng unit , and the number o f

missions waiting to be fi red. Once a fi ring unit was selected , its FDC

would start to process the mission (event ‘FOC.PROCESSING’).

The FDC that received the mission ensured that the fi ring unit was H

available to fire the mission , (event ‘CHECKING .GUNS.AVAILAB ILITY’).

If the firing un it was busy, then the fire miss ion was held in a queue

until the fi ring unit was available. If the fi ring unit was idle , it

was schedu l ed to fire (event ‘ EIRING.OF.GUNS’). When the adjusting gun

was ready to fi re, it fi red a round that landed at the present time

plus the time of flight of the projectile , (event ‘ARTY .IMPACT’). The

VU was alerted 5 seconds before the round’ s impact (event ‘SPt..ASH’).

The FO determined a new estimated location of the cluster of targets

after impact of the adjusting round . When the adjusting round impacted

within a given distance of the target , the mission entered the EVE

phase. During the FEE phase , the f i ri ng un i t fi red a t it s max i mum

rate of fire towards the cluster ’ s estimated location at the predicted

time of the impact of the rounds . The FO was , i n effect , ‘walk i ng ’

the artillery along the movemen t vector of the enemy cluster. The EQ

ended the mission after all volleys had been expended , (event ‘END.OF.

—— 
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MISSION’). The EQ then proceeded to detec t new vehicles and recluster

the previousl y detected vehicles .

C . CLUSTERING PROCEDURE

The clus teri ng al gori thm modeled the actions of the forward obser-

ver as he attacked a number of moving armored vehicles . These actions

consisted of grouping or ‘clustering ’ vehicles , placing priorities on

these clusters , and then esti mating the future location of the cluster

wi th the highest priority .

The FO was allowed to detect targets that were in view . These

detected targets were stored in his targe t li st until needed . Periodi-

cally (a user input value — nominall y 30 seconds), the FO clustered

his targets . This procedure defined geographical reg ions (‘boxes ’).

each con taining a number of detected vehicles . The model used as a

‘bo x~ the rectangular approximati on of the effects of one volley fi red

from a four gun firing unit , Cuser input — nominall y the larges t area

of effects of the weapons being modeled).

~ box was positioned with its center at th~ coordinates ~f the

fi rst target in the detected list and became a cluster with population

of one. The charac ter i s t~:s of a clus ter were : l~ ~( location ; :‘ V

location ; 3) speed , and 4) direction. The initial characteristics of

the cluster were those of the fi rst vehicle. The next vehicle detected

was then examined . If the vehicle lay wi thin the boundarie s of the fi rst

clus ter ’s box , the cen ter of the ‘ box ’ was moved to the average of the

two veh i cles ’ positions , the population increased to two vehicles , and

the clus ter velocity became the average of the two vehi cle s~ velocity

vectors . If the vehicl e lay outside the first cluster , it became the

center of a new , second clus ter. To preclude the box shifting so much

-- - - —- —~~-~~~~~~~~~~ -S--—- ---
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that a previously selected vehicle would fall outside , the box was not

allowed to move more than 150 meters in any di rection from its Dri ginal

position. Each vehicle in the EQ’s area of responsibility was placed

in an existing cluster or at the center of a new cluster. As more

vehicles were added to a cluster , the cluster ’s original location and

velocity were updated appropriately in the manner above . After all

vehicles were clustered , each cluster was given a priori ty.

The priori ty of a cluster was an indication of its i mportance as L
determ ined by the number of veh i cles i n the cluster and i ts closeness

to friendl y positions . If the popu lation of a clus ter was below a

gi ven threshold value (initially the value was three), the priori ty

was zero . As a result , the VU would never fire on a cluster of fewer

than three vehicles . If the cluster population was greater than or

equal to the threshold value , the priority was determined by dividing

the number of vehicles in the cluster by the range (in thousands of

meters) to the cluster . After each cluster was given a priori ty , the

FO selected the cluster wi th the hi ghest priori ty as his target.

Since the cluster was moving, the future location of the cluster

at the time of round impact was required for use as an aiming point

for the FDC . The time from vehicle identification (clustering) to the

impact of the first adjusting round was estimated as the mean of the

probability distributi on that characteri zed the time required to get

the round to the target. Since the FO was nominally equipped with a

laser rangefinding dev ice , the EQ lased the cluster centroid , w i th the

assumption made that there woul d be a singl e tank at that point. He

lased twice at that center tank and 20 seconds later , lased twi ce again

at the same tank in a new location. The average of the first two

veloci ti es and the average of the second two velocities were used to



calculate the estimated speed and direction of the cluster. The future

location of the vehicle at the tine of the round ’s impact was e t i m a t e d

by extra polating at the estimated speed in the estimated directi on for

the estimated time interval. (These ca lculati ons wi ll be done by the

BCS in the firing unit FDC in conjunct ion with the EU’s lase info rma-

t ion. )

0. DAMAGE ASSESSMENT

:n the author ’ s opinion , the proper ob jec t iv e  of  damage assessment

is the deter ’iiinati on of the effect of ar t ill ery rounds placed on or

near the target. These effects are detai led as criteria to ‘defeat ’

the spec ific target -under cons idera t ion .  ~n example from JARCO M publi-

cation 706—1~J1 for tanks is given below ~. Ref .  4~ . This type of  defeat

cri teri a was used in the model.

Vulnerab i l i t y  Cr i ter i a

K—K ILL — A tank ~as a k—kill ( a lso  known as a catastroph ic

k i l l )  i f  it was damaged to the extent that i t  had no ~urther

ef fe ct  on the ba t t l e .

F — K t L L  — A tank was a fi repower kill if it was Jarna~ed to

the extent that it c ould not fi re .

M— KrLL — A tank was a mobi l i ty k i l l  i f  it was damaged to the

extent tha t i t  could not move.

The author made the fo l lowing def in i t ions . They com plem ent the Je e i n i_

tions above but are not supported by available data bases .

NEUTRALI ATtON — .1 tank could not function for some period

of time , but returned to the ba t t le  later w it h all capabi l i t ies .



SUPPRESSION — A tank had a degradation of some capabilities

for some period of time .

The l evel of dama ge was used to determine what capabilities to change

in the vehicles that were damaged .

Data , based on experiments , are available to provide a basis for

damage assessment for the first set of defeat cri teria. There are no

generall y agreed upon definitions for the second set of criteria.

There fore , the model cons id ered onl y the criteria of k—kill , rn— kill

and f— kill.

For a given projectile ’ s impact , there is a characteristi c pattern

of fragmentation. The distribution of RE fragments is spread outward

from the sides of the projectile , w hile the effects of DPICM are cir—

cular. In the mode l , the probability of damaging a target was depen—

dent upon the target’s locat ion rela ti ve to the roun d’ s imapct point.

Damage assessment was modeled us ing the concept of a ‘ le thal area ’ :

the summation of the area around a projectile ’ s impact point wei ghted

by the probability of being damaged while in a given area . Lethal Area

(LA) is expressed in the following formula:

LA d f f  ~d (x,y) dxd y

L 

where 
~d 

(x,y) was the conditiona l probability that a target element

located at the point (x,y) on the ground would receive damage at a

certain level , d [Ref. 4]. This model used the concept of ‘lethal area ’

with a number of assumptions governing its use. A step functi on was

used to approximate the damage to hard targets with the damage effects
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pattern assumed to have a c ircular shape . If the vehic le  lay wi th in

a c ircle centered at the round impact point (radius specified for a

given damage level), the probability of receiving that given damage

was one , while If the vehicle lay outside the circle, the probability

of receiv ing that given dama ge was zero .

The Blue dama ge assessment routine modeled damage as a function of

the di stance between a round ’s impact point and the target ’s loca ti on .

Dur i ng th e FEE phase , the damage assessment routine calculated the

damage inflicted by artillery rounds that had been fired against

vehicles in the v icinity of the given aiming point. The mean point of

impact (MN ) of all rounds in the volley was displaced from the aiming

• point in accordance to a b ivar ia te  no rma l distribution based on

accurac y probable errors . Each round ’ s actual impact point was moved

from its planned aiming point in accordance with range and deflection

errors (based on precision probable error) . These dispersion errors

were assessed in the gun target coordinate system and translated into

the battlefield coordinate system . The relationships between the two

coordinate systems is shown in Figure C . The four impact points con-

stituted the volley ’s effect pattern . Fi gure 3 shows the effects of

one volley fi red at a cluster. Each vehicle tha t was ‘ al i ve ’ was

checked to see if it was in the volley ’ s effects pattern . This check

compa red the vehicle ’ , loca tion to a rectangular appr oximation of the

vol le y ’ -~ effects and thereby reduced the number of vehicles that had to

be checked later  wi th ~~~~ elaborate al cul ati ons . If a vehicle w a s

within this screeni nj rectang le , its distance from each round’ s impact

point was then ca l cu l a ted .  If the veh ic le  was wi thin a given radius

(a user input — nom i nall y 50 meter ;) of i round ’ s impact point , the

- - - -~~~~~~~~~ - . ~~~ ~~~~~~~~~~~~~~~~~--— - -  -- . 5’ 
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Center of Firing Unit (Gun ~e Theta—A ng le through which the
coord i nate system is rr tated

Fi gure C . Gun target coordinate system .
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dis tanc e from the vehic le to the round’ s impact point was then compared

to the appropriate ‘lethal radius ’ . This l ethal radius was computed

using the appropriate l ethal areas and the assumption that the lethal

pattern was ci rcular. The k— kill lethal radius was checked first. If

the round did not fall wi thin this radius , then the rn— kill radius and

f-kil l radius were both checked . Attri butes of the target were altered

to reflect any resultant change in capabilities . This procedure was

repeated for each round.

30

L~~~~. -- - ____________ -



- 5 -- --

‘I

IV. RED REPRESENTATION

A. GENERAL

The Red units were more difficult to mode l than the Blue units due L
to a lack of relevant info rmation . The Red artillery was modeled at

a l ower l evel of resolution. Forward observers were not simulated and

no communication or subprocesses were modeled (fi re direction center ,

fi ring battery , or command and control).

The Red artillery ‘attributed slice ’ in support of the Red regiment

consisted of ten 152mm sel f—propelled howitzer batteries and one BM21

multiple rocket launcher (MRL ) battery . By assumption , there were

always three of the ten batteries of 152mm artillery moving and seven

firing. Lead elements of the Red regiment were assumed to have reported

the genera l locations of the Blue battle positions to the Red regimental

headquarters , where the Blue positions were forwarded to the Red

artillery headquarters . These Blue battle positions were deemed the

regimental objectives and were attacked wi th continuous supporting f i r e

until the Red maneuver units attacked the front of the Blue battle

positions . The p lanned fires were scheduled to be stopped in 100

seconds when the Red force closed within 1500 meters of any Blue vehicle.

The only Red art i llery that was p laye d as ‘on call ’ during the

course of the ba ttle was the MRL battery . The Red maneuver commander

coul d request support from the MRL battery to attack alue targets that

were hindering the main attack. Due to their reload time , the MRL were

used only once during the attack. The fi rst Red tank that was k— killed

by an anti— tank missile fi red from the Blue infantry heavy company team

31
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position (team 3) signaled the Red commander to request an MRL volley

on that Blue location .

B. PLANNED FIRES

The Red artillery fi red predominantly preplanned fires . The fire

plan was generated external to the model , based on the sheaf of the

weapon system and the general Blue positions . Figure 4 shows a fire

plan for a Blue company team located in defensive positions over a 900

meter x 1200 meter area . The Red battery ’s aim point was the center

of a 300 meter x 100 meter rectangl e, which was used to approximate

the effects of a volley from a 152mm battery . After one volley into

that rectangle , the battery shifted its fires to the next rectang le ,

following the pattern indi cated on the fi gure . If the plan was corn-

pl eted , the battery began firing the entire p lan a second time . A

large target area was divided among the batteri es available. Since

their strategy depended on volume of fi re to defeat the Blue forces ,

the Red batteries fired at thei r maximum rate of fire for the duration

of the battle.

C. DAMAGE ASSESSMENT

Damage assessment for the Red artillery was at the volley level .

Throughout the simulation of Red artillery , it was assumed that there

was no overlap of the effects of individual rounds and that those

vehicles wi thin the impact area were unifo rml y distributed over the

rectangular area . All Bl ue vehicles were checked to determine which

ones lay wi thin the target rectang le.

The probability of dama ge was calculated using the following

formula (the lethal area for the appropriate target/weapon fi red!
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ammunition was used).

Probability of Dama ge

lethal area x number of rounds fi red

area of effects

The above formula assumes that the area of effects is always much

larger than the lethal area times the number of rounds fired . This

was always true for all runs performed .

Resu lts were assessed for three levels of dama ge : k - kill , rn — kill

and f-ki l l . Each target w i t h i n  the targe t rectang l e was eva~uated for

damage by sending probabilities of damage to the AT~ IT routine which
-I

assessed the appropriate ~eve l o f dama ge to the veh i c l e .  ~ne random

number was genera ted from a uniform distri b ution ~~~~ , and was com-

pared to the value of the pr obab ili t y of k—kil l that was calculated in

routine RED.ARTY .~ IRES or event MRL .VOLLEY. I’ the random iumber was

less than or equal to the probabilit y of a k - ki l l , a k- k ill was

assessed . If the vehicle was not k- killed , the increme n tj~ ~ and ~ :~
dama ges to this vehicle were accumulated with mobilit y and fi repower

damage to this vehicle from other firings . The random number ~as the ’ ,

compared to the updated rn — kill and f— kill thresholds. ~f the random

number was l ower in ei ther case , that type kill was assessed aga iist

the target and the target’ s attributes were updated to refl ect t~’e

results .
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V . DETA ILED EXPLANAT ION OF THE FA MODEL

Th is chapter presents a detailed explanation of the structure of

the FA model and its Interface with the STAR model . Each routine and

even t used in the FA model is explained in detail , accom panied by a

listing of the code and a definition of the variables .

A . INTERFACE WITH THE STAR MODEL

The STAR model and the FA model were both written in the Simscript

language . Sims cript was desi gned for ~se in discrete event simulations

and uses the following concepts: entities , attributes , se ts , var iables ,

routines , and events .

An entity Is one member of a class of objects , each described by a

number of c~iar~cteristic~ calle d attributes . n di v ii u a~ members o f

tne class have specific values assi 3ned to these attr ibut es . There

are two t~pes of entities . ~ermanent and temporary . A permanent entit y

is created at the beg inn ing of the orogram and exists until the proqram

ends, while a temporary enti t~ is created as re5~uired and -na y be de-

stroyed when no longe r needed . when a temporary ent~ t~ i s created ,

a b lock of core stora ge is assi gned to i t. The ~e~ 1nn ,n e address of

this core is called the ~ointer var iable ~f the en tit ~ . ~ermanent

enti ties are assi gned an arra~ location at the ~egi’w i ’a~ of the oro~ ram .

As an example of enti ties and attn butes , the enti t~ . ~IS~ iC~N . is an

individual fire m ission and the attri bute. MSN .’~AME , ~s tie sequent ia~

number c f  that nission .

Sets are groups of i i Ji v~dual ent iti e s , ordered ii accordance v~~t~i

~~~ •irar’mer s :‘ cc ‘ ca t or . : 1  t ~ ~ r ~ ~~~ , • ,
~ 

•
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were placed in the set , HOL DING .MSNS . When the MISSION was completed ,

it was removed from the set HOLDING .MSNS and placed in the set MSN .

QUEUE.

Events are occurrences scheduled to occur at a certain time or

after some interval . For details of the Simscript language see refer-

ence [6] . 
t

The following is a list of the sets , entities , arra ys , var iables ,

and routines from the STAR model which are called by the FA model .

(The routines and events tha t required modification are discussed at

the end of the chapter .) These must be understoo d i n  order  to compre-

hend the code and log ic of the FA mode l [Ref. 1] .

System Owned Sets

TANKS — The set to which all direct fi re systems belong.

BLUE .ALIVE — The set to which all Blue TANKS initially belong.

Blue TANKS are removed when they are killed .

RED .ALIVE — The set to which all Red TANKS ini tiall y belong.

~ed TANKS are removed when they are killed .

Temporary Entities and Their Attri butes -
•

TANK — A temporary entity representing a direct fi re weapon system .

Attri butes of the Tank:

NAME — An integer variable given to a particular TANK for

identi fication .

COLOR — An integer variable wi th the value of 0 if the color

is Red and a value of 1 if the color is Blue .

WPN .TYPE — An integer variable representing a particular type

of weapon system .
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Integer value Wea pon system name

1 X M l - 105mm ma i n gun

2 XMl  — 120mm ma i n gun

3 IFV

4 IFV

5 DIVAD

6 DRAGON

T72

S BMP

:su
ALLVE .DEA D — An integer value with value ot 0 if the TANK is

alive and a value of I if the TANK is dead.

i1IT . STA T E  — An al pha var i a b le , blanks if the vehicle has not

been damaged , otherwise an abbreviat ion of the TANK ’ s status

~e .g., DEAD .MFDM ,FDAM , etc.).

POINTER — An integer variable which equals the pointer vaije

assi gned to the TANK at the time it was created .

X .CURRENT — A real variabl e representin g the TANK ’ s cur rent ‘(

coordinate (in meters).

Y.CURREN T — A real variable representing the TANK’ s current Y

coor di nate ~i n me ters ) .

:.cURRENT — A real vari able representing the TANK ’ s cur rent

coordinate ~e leva ti on i n me ters ) .

SPO — A real var i ab le re p resen ti ng th e ‘~AN K s  current s~eed in

meters per second.

T.SPD — A real variable representing the simulated battle time

at which the TANK’ s speed was last calculated .

_ _ _  -



OI R. OF . MVMT — A real var iable representing the direction of move-

ment of the TANK in radians , measured with a positive v alue in

the counterclockw ise direction from East and negative in the

clockwise direction from East.

DEFNUM — An integer variable representing the current defil ade

conditions of the TANK .

Integer value Condition V

1 full defil ad e

turret iefi’ -ade

~iring de f i lad e

4 seeKing concealment .~n ilestopping to fire

S ~nconce a l ed

O P . ~NG — An i ilte ger var iable representin~ the m ax im um ranoc at

which trie TANK w i l l  at tempt to en~iage another A NK. f a

vehic le is an ~O veh ic le. t~ie max~rnum r a r i c~e o~ the CC’ s observ a-

t i on dev ice is s tored in t ie v a r i a b l e .

SEC .PLT ,3N .RGT .S~E.MV — i:e~er ,ani3D i es “erresent~n~i the ‘den-

t i fic a ti o n number of t~e secti o n . o’atcon , compan y . b att al i on .

regiment. bri -jade . arni d i v ~~s~ on to ~r~ ch t~ie TA NK i S  ass igned .

— An integer v a r iable aS S 1~1flthi the .a 1ue j f  i~ ti e -\N’~

- iad been iio b ilit y ki l l ed , otherwise equa l to zero .

F\ LL — An integer variable assigned the ~a l •ie ~f I i~ the TANK

lad ~een ~i repower kil l ed . otherw ise equa 1 to zero .

MFK L.. — An integer va r i a~ ie ass igned the va l ue  of i~ the TA NK

nad been ~oti mobi ’~ t~ and ~irepower k~ l l ed. otherwise ~ iua l to

e ro

— An ~ntc~er v araa ~ ie assi~ined the value ~f I i~~~ the TAN K

nad hpcn ta streon i cal l~ \ill e d , otherwise equa l to zero .

L ~~ - - - - - --



C O CDR ,PLTLDR ,SECLDR - Integer var iables representing the names

of the TANK ’ s company commande r , olatoon lea der , and sec ti on

l eader respectivel y. Al though input as the integer name of

the appropriate leader , the attri butes are changed by the program

to reflec t the lea der ’ s pointer variable.

Integer Arrays

BBBPOINT — An array containing the pointer variables of all Blue

TANKS (direc t fi re systems).

RRRPO INT — An a rray containing the pointer var iab les  o f  a l l  Red

TANKS .

LIST — An array containing tne pointer variab les of t~e enemy

vehicles currentl y detected by a direct fi re weapon system .

:nteger Va riaD les

R .NUM .A L:V E — The s ta r t ing  number of  Red weapon systems .

B. NUM ..A L:V E — The s tar t ing number o f  Blue ~eapon systems .

BLJ E — A var iable representing the color of fr iend l y elements .

R E O  — A variab le representin o the co lor of oppos ing forces .

Rou tin e AT R T

Argumen ts :

SH.T — The ocinter var iab le  of the weapo n wh ich fi red . :: the

source of the potential damage is a rti ll er i or mines , SH .i is

the poi nt er var iable 3f the vehicle fired upon.

— The poi nter of the vehicle which •~as f i red upon.

EMKILL — The probabi lity of an n - k i ll .

E F Kt L L  — The pr obab il~ ty of an f-kill.

<~YK ILL — The pr obab ility of a k— k i ll.
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WHOCALLED — An integer variable with a value of 0 if a di rect

fire weapon system caused the possible damage and 1 if a mine

or artillery caused the possible dama ge .

Purpose: To determine the level of damage that a vehicle or weapon

system susta i ns when hit. One random number is drawn from a distribu-

tion unifo rm on the interval 0 to 1. This random number is compared

wi th the probability of a k-kill. If the probability of the k-ki ll is

greater than the value of the random number , a k—k ill is assessed . If

a k—kill is not assessed , the incremental m and f damages to this vehic le

are accumulated wi th mobility and fi repower damage to this vehicle from

other firi ngs. The random number is then compared to the current level

of rn—k ill and f-kill damage . If the probability of an rn—kil l is greater

than the random number , an rn—kill is assessed . The same procedure is

used for the f— kill. If both a mobility and a fi repower kill are

assesse d , an m f—ki ll is  assessed and the  v e h i c l e is no longe r an active

participant in the battle. Upon completion of the assessment , a glo bal

var i able , DAMAGE.NUM , is assigned one of the following integer values :

Inte ger value Type of dama ge to target

1 no damage

2 mobility damage

3 fi repower dama ge

4 mobil ity and firepower damage

5 k— kill

Routine DIST

Argumen ts:

Xl — The current X coordinate of first vehicle .

Yl — The current V coordinate of fi rst vehicle.
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X2 — The current X coordinate of second vehicle.

Y2 — The current V coordinate of second vehicle.

Re turns : The horizontal distance between two vehicles .

Purpose : To find the distance between two vehicles by using

their current bat t le f ie ld  coord inates .

Rout i ne LOC

Argument:

Tank — The poi’7iter variable of the TANK whose location i s  to be

updated .

Purpo -;e: To update the X and Y coordinates of the TANK based
I

on its current speed , direction , and the elapsed time since its

last position update . Once the X and V coordinates are deter-

mined , a FORTRAN rou tine (ELEV) is called wh ich calculates the

eleva tion of the TANK on the parametric terrain model

Rou tine TALL ’f.HIT .STATE

Ar gumen ts :

TANK — The pointer value of the TANK that was fired at.

DAMAGE .NUM - The damage number from routine ATR IT or other

routines which indicates the type damage sustained by the TANK.

Purpose: Used to accumulate the number of  times the TA NK was

assessed damage in each dama ge catego ry . When the TANK is

assessed as sustaining a k—kill damage , the routine removes

the TANK from the BLUE .AL IVE (or RED .AL IVE , as appropriate),

PLT .UNIT , an d COMP.UN IT sets .
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B. FA ROUTINES AND EVENTS

1 . PREAMBLE

The PREAMBLE is the fi rst part of any Simscript program. It Is

used to defi ne global variables and arrays ; declare entities , attributes ,

and sets ; and define events and routines . Every variable defined in the

PREAMBLE is defi ned and available throughout the program . Variables

def i ned onl y i n rout i nes an d events are local to that part i cular rout i ne

or even t. The following i tems were added to the STAR PREAMBLE. A list-

ing of the additional PREAMBLE coding is provid ed along with a brief

explanation.

Sys tem Owne d Se ts

}-{OLDING.MSNS — The set to which all current fi re missions belong.

MSN .QUEUE — The set to which all completed fire missions belon g.

Permanen t Entities , Attri butes , and Sets

FO — A permanent entity representing the forward observer.

Attributes of Each FO:

P OIN TI NG . T O  — An integer variabl e which is equal to the pointer

value ass ig ned to the FO S S TANK .

MY .RADIO — An intege r variable representing the radio frequency

on wh i ch the FO i s o pera ti ng. A value of 1 indicates the direct

suppo rt battery radio frequency .

STATUS - An integer variable representing the status of the FO

w i t h  a value of 0 for idle and 1 for busy.

WAIT.TIME — A real variable equal to the simulated battle time

when the FO last at tempted to communicate on his radio fre-

quency .
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AMT .ACTIVE.MSNS - An integer variable equal to the number of

missions In w hich a FO is currentl y engaged.

TYPE - An integer variable representing the observation device

tha t the FO is using, w i th a value of 1 for a laser dev i ce and

2 for bino culars . (The observer detects wi th the unaided eye

and then uses the observa ti on dev i ce to ass i s t In tar get

locatthn.)

STATE 4 — An i nteger var i ab le used to re fe rence the current

m ission in the array called C .NUMBER .ARRAY.

LAST .CLUSTERED - A real vari able representing the simuiated

battle time at which the FO last grouped the vehicles that he

had detected .

AMT .MSNS .F IRED - An integer var iable representing the to ta l

number of missions completed by the FO.

BATTERY — A permanent entity representin g an artillery firing unit. It

owns a se t , HOWIT ER .QUEUE , wh ich holds all fire missions that are

waiting to be fired by that firing unit .

A ttributes of Each BATTERY :

COLOR 1 — An integer variable whose value is 1 if the color is

Blue and 0 if the color is Red .

CALIBER - An integer variable representing the type weapon

assi gned to the BATTERY. This attribute is assigned the follow-

ing values : 1 — 155mm , — O3mm , 3 - GSRS , 4 - 152mm , 5 — 122mm

MRL .

NUM .GUNS - An integer vari able representing the number of

wea pons i n the BATTERY .
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X .CUR1 - A real variable representing the BATTERY’ S cur rent X

coordinate in the battlefield coordinate system .

Y .CUR1 - A real variable representing the BATTERY’ S current V

coo rdina te on the battlefield coordinate system .

MAX .RANGE — An integer variable representing the maximum firing

range of the BATTERY , in meters .

NUM.DP ICM.LEFT - An integer variable representing the number of

DPICM rounds currently In the BATTERY .

NUM .HE.LEFT — An integer variable representing the number of HE

rounds currently in the BATTERY.

NO .MSNS .FIRED - An integer variable representing the number of

missions that have been fired by the BATTERY .

STATE1 — An integer variable representing the activity state of

the BATTERY . with the following values : ~J — idle , 1 — busy.

ST.FIRING — A real var iab l e representing the time that the

BATTERY received the mission , either from the FDC or from the

HOW ITZER . QUEUE.

QUEUE .SIZE - An integer variable representing the current number

of MISSIONs waiting to be fired by the BATTERY.

RATE .OF.FIRE — A real variable representing the m aximum rate of

f i re of the BATTERY . in rounds per minute.

WHICU .VOLLEY - An intege r variab le representing the current

volley being fired in the FFE phase of the MISSION.

KOUNT — An integer variable used only by Red batteries to deter—

mine whether to fire DPICM or RE ammunition. Values 1-4 indicate

HE amun ition , w hile a value of 5 indicates DPICM ammunition

(indicating an ~1O~ HE basic load , 2O~ DPICM ) .
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FDC — A permanent entity representing a fire direction center.

Attributes of FDC :

STATE2 — An integer variable representing the status of the FOC

with the value of 0 for idle and the value of 1 for busy .

COLOR2 — An Integer variable indicating to which force the FOC

belongs wi th a value of 0 for Blue an d 1 for Red .

NUM.MISS IONS — An integer variable representing the number of

fi re missions tha t have been processed by the FOC .

X.CUR2 - A real variable repre senting the X coordinate of the

FOC . 
—

Y .CUR2 — A rea l var i ab le re p resen ti ng th e Y coo rdi nate of th e

FOC .

STA RT .PROCESS — A real variable representing the battle time

that the FDC started to process the current mission.

RADIO — A permanent entity representing a radio frequency .

Attribute of RADIO:

STATE3 — An integer variable representing the status of the radio

frequency . The value of 0 indicates idle and 1 indicates busy .

Temporary Entities, Attributes , and Sets

~IISSION — A temporary entity representing a fi re mission which is created
I

when the FO has selected a cluster (a group o f ve hi cles ) to enga ge .

A ttrib utes o f the MISSION :

MSN .NAME — An integer variable used for identi fication.

NUM .ADJ.ROUNOS - An integer variable representing the number of

rounds required in the adjustment phase.

LEVEL .OF.DAMAGE — An integer variable representing the number of

vehicles that were assessed as a k- kill during the MISSION.
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FO .TGT.RANGE — A real variable representing the initial distance

between the FO and the target (cluster centroid )- , in meters .

LAST.FO.RG — A real variable representing the final distance

(at the last round in FFE) between the FO and the target , in

meters .

GT.INITIAL .RG — A real variable representing the initial range

between the fi ring unit and the target.

GT.FINAL.RG — A real variable representing the final range (at

the last round in FFE) between the firing unit and the target.

AMT.OF.HITS — An integer variable representing the number of

rounds that fel l with in D .RADIUS distance (user input) from a

vehicle dur ing the MISSION .

RD.1 .ERROR — A real variable representing the radial error of

the first adjusting round from the target.

RD .2.ERROR — A real variabl e representing the radial error of

the f inal adjusti ng round from the targe t i f two or more are

required. Equal to zero if onl y one adjusting round is required .

BTRY — An integer variable representing the firing unit firing

the MISSION .

AMT.IN .CLUSTER — An integer variable representing the number of

vehicles in the cluster tha t was chosen as a target.

ERROR .CODE — An integer variable indic ating what type of error

occurred .

• Integer value Error

1 - FO wa ited for over 60 seconds
for rad io frequency - ~niss ian
cancel le d

2; - FO’ s ‘nission was too close to
a mission already being fi red
(an input value) — mi ss i on
cance l led .
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3 mission was out of range of
the firing unit — mi ssion
cancell ed.

4 (not used)

5 all targets killed by direct
fire weapons during adjust-
rn ent  — mi ssion cancelled . -•

6 all targets killed by direct
fire weapons during FEE
phase — m ission continued .

7 three rounds fi red in adjust-
ment - mi ssion cancelled .

MSN .TIME — A real variable representing the total duration of

the MISSION . Initially is equal to the time the MISSION started .

QUE1JE .TIME — A real variable representing the amount of time

that a MISSION waited to be fi red after it was received by the

fir i ng unit .

DEL .1 — A real variable representing the time between the time

the EU clustered and the time that the fi rs t adjusting round

lan ded .

DEL .2 — A real variabl e representing the time duration , in the

adjusting phase , between the fi rst rounds impact and the impact

of the second round.

FIST - An integer variable representing the EU who is firing

the MISSION .

FIRE.DIR .CENTER — An integer variable representing the fi re

direction center which processes the MISSION .

AMMUNITION .TYPE — An integer variable representing the type of

ammunit ion being fi red in the MISSION , w ith the following values :

1 — DPICM , 2 — HE .
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NOW .FIRING - An integer variable representing the status of the

MISSION , with the follo win ~ values : 0 - adjustment phase , 1 -

FEE phase.

SPEED - A rea l variable representing the current speed of the

target.

SPD.APPARENT — A real variable representing the speed o’ the

targe t as estimated by the FO.

DIRECTION - A real variable representing the current direction

of movement ~f the target in radians , measured with a p osit ive

value i n  the counterclockwise direction from East and a negative

value clockwise from East.

)IR.APPARE~IT - A real variable representing the current Jirec-

tio n ~f movement of the target as estimated by the FO . in radians

(measured as above).

‘(.CUR4 — A real variable representing the actual ‘( c o o r d i n a t e

of the target.

Y .C’JR4 - A real variable representi’i~ the actual ~ coordinate

of the target.

P~ I.~)F.CLUSTE~ - A real var~ab le repre sent ing the rri ori tv ~~

the cluster.

X .MP I — A real variable representin~ the X coord inate 0 e the

location of the mean point of impact of the vo~lev ~~~~~

Y . M PI  - A real variable repres entin q the V coordin ate of t he

MPI of the volley .

X . FUTURE .L2C — A real van able representi no the \ coo rdi nate 0 ~

the estim ated future io cation of the taroe t.

Y .FUTURE.LOC - A real var iable repres entino the V coord inate of

the estimated future location of the tar~et .
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MO .2LJSTER - An inte ger v ar ia ble reøresent ino the row in the

array called CLUSTERS that identifies th O current taroet .

VOLLEYS .TO .FIRE - An integer var iable represent ing the number

of vo l leys that are to be f i red by the f i r ing unit  during the

FEE phase of the MISSION .

THETA — A real var iable representing the ang le in radians of the

gun target l ine , measured wi th a pos i t i ve  va lue in the counter-

clockwise direction from East and a negative val je clockwise

from East .

T.POS T ION - A rea l variab l e iot current l ,- j sed .

LABEL - An integer var iab le  representi ng the queue stat us o~ the

MISS ION , wi th the following va lu es : 2 — not in H~W I T E R . ~ UEJE ,

1 - wa i t i n g  in How IT:E R .~ uEUE .

Real A rrays

RD. OFFSET — .A two dimensional array .~n ich con tains the i~ipact coordi-

nates ~f each round in a volley .

TRAV EL. T ME. A R R AY — A two dimensional arra’~ containing the average

ve locit y at two thirds the max imum range o~ the s~ st~ni ~or each ammu—

nition/weapon combination.

RANGE.3ANDS — A two dimensional array cont a ining the brea~poirt s ~‘f

the piecewise linear approxi ma tions to the impac t p o int dispe rs ion

curves .

FA .T IME.DELT AS — A two di mens i onal a r ra ~ conta in ing the ~a’~ameters

that cha racterize the time distr ibuti ons for a1 1 ar t i i~ erv t~sk~ .

TGT .AC~ .ERROR — A two dimensional a rray con t ai nin ~ the ~ararneters

tha t characteri ze the erro r dist r ibut ions ~f the p0 ’ s taro et ac~~~s’ -

tion devices , different fo r each device.
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LETHAL .RADIUS .ARRAY - -\ four dimens ional array conta in ing the le tha l

radiu s for each weapon t~ ’e target type; amm unition t~ pe- leve l of

damage .

C L U S T E R S  - A two dimensiona l array containing the following informa-

tion on each c luster of  veh ic les : the name ; number of veh ic les  in the

c luster ;  priority ; the X coord inate , the V coordinate , the speed and

the direction of the cluster; and the ( and Y coordinates of the

f irs t veh ic le  placed in the c luster .

::SrL.ACEME~T - A three dimensi on a l array containing the displacements

~f the individua l fi r in g elements from the center of the firing unit

for each weapon type ~Blue f i r ing uni t s~ .

Intege r Arrays

C. NUMBER.ARR.A Y - A three dimens iona l array co n ta i nl n l t’e ~ame of

the c luster  in whic h each detect ed A NK was p laced .

~ED .PLANNE D.~~:RES - A three Jinen sional arra\ co ntainin g the ‘oca—

tions of the rectang les being used as tar;ets ~y the ~ed ~ i r i 1 o  un its .

~~ MA .2PrcM — A three dimensiona l arra~ conta 4 n~ n~ t h e  para meters

the no rma l distr ibut ions t~’at character i ze t he round i i soe rs ion

about the i mpact point. ~~PtC~ amm unition ~or ~~ue ~ i r i i o  j n its

onl y.

FO .V EHICLE — A one dimensiona l array conta i n i ng  the names o~ the

vehicles in -which the F-~s are r~u ing.

Intege r Variab les

YES — A var iable defined to mean

-‘40 — A variable defined to mean 3.

BUSY - A var iab le  defined to mean I..

IJLE - A variable defined to mean 2.
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AOJ .ROUND — A variable defined to mean 3.

VOLL EY — A variable defined to mean 1.

DPICM - A variable defined to mean 1.

RN .STREAM — A variable equal to a chosen random number stream from

Sims cr i pt.

DEBUG — A variable representing the amount of FA related computer

printout required. A 0 indicates norma l output , a 1 indicates that

each action of the fi re mission be printed , and a value of 5 m di-

cates that the additional printout of the array called CLUSTE RS is

required .

.AMT .RED .3ATTERYS - A variable equal to the number 0f Red ~iri ng

units created .

AMT .BLUE.BAT ESYS — I variable equal to the number of ~iue firi ng I
units created .

MAx.NuMBER .2F .Mrss:2Ns .~ ER .Fo — A variable equal to tne maximum num-

ber ~f m issions that an ~O is allowed to process simultaneousl y.

AMT .CALI3ERS — A var iable equal to the number of  di ferent types of

artillery weapon systems .

LAR 3EST .NUM ..~EAPONS — A variable equal to the ma x imum nu rn~er o f wea-

pons in an y of the Bi j~ firin g uni ts .

AMT .AMMO .TYPES — A vari ab l e equal to tne number o ’ di~~ferent t~- oe s

of artillery ammunition .

AMT .~ FE.VOLLEYS — A variable equal to the number O e vol~ o~s to ~e

fired in the ~FE ~riase .

AMT .MRL — A variab le equal t~ tie ium~er o~ MRL ~att eri es .

AMT .FA .TIME .. ELTA S — A va r iab le  ooua l to tne number of di~~erent t in e

• parameters used in tIe ar’~a~ called ~A. T~~[.2E~~A S .
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N0 .RANGE .BANDS - A variable equal to the number of range bands in

the array called RANGE.BANDS .

MISS .TOLERANCE — A variable equal to the ninimum radial miss distance

for the FO to enter the FFE phase.

FWD.OBS .MSN.TOLERANCE - A variable equal to the minimum acceptabl e

distance between two fi re missions. If the distance between two -
•

fire missions is closer , the later fire mission is cancelled .

BOX.TOLERANCE — A variable equal to the size of the box used to

clus ter vehicles .

FO.MA X .RANGE - A var iab le equal to the maximum range at which an FO

is allowed to observe a cluster.

F0 .MIN.RANGE — A variable representing the min imum range at wh ich

an FO is allowed to observe a cluster .

D.RADIUS — A variabl e equal to the specifi ed radius w ithin which a

vehicle is examined for damage .

SALVOS — A variable equal to the number of volleys that are fi red

by the Red firing units before shifting to another target.

NIJM .MSNS.FIRED - •A var iable not currently used .

TOW .KOUNT — A variable which indicates whether a MRL volley has

occurre d , wi th the value of 0 if no MRL volley has been fired and

1 if the MRL volley has been fi red or is in the process of being

fi red .

LCOIJ NT — A variable used to number missions as they are created .

RED.OFF — A variable used to represent the status of the RED p lann ed

fi res . The value of 0 indicates that fires are active , while a

value of 1 indicates that the Red forces hdve closed to w ithin 1500

meters of the 3lue positions and the Red planned ~i res are to be

terminated in 100 seconds .
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Rea l V a r i a b l e s

RED .1.CONSTANT — A variable representing the conversion factor to be

used for ca lculating effects of the MRL volley when using the array

called ARTY .PK .TABLE .

Cod ing and Brief Explanation

The coding for the PREAMBLE additions is shown below , followed by a

brief explanation where meanings are not obvious .

70 THE SYSTEM HAS A C .NUMBER.ARRAY (*/4)

71 DEFINE C.MUMBER.ARRAY AS AN INTEGER 3—DIMENSIONAL ARRAY

72 THE SYSTEM HAS A RED.PL .ANNED.FIRES (*/4)

73 DEFINE RED.PLANNED.FIRES AS AN :NTEGER 3— DIMENSIONAL ARRAY

74 THE SYSTEM HAS A sIGMA.D prcN (*/2~

7~ DEFINE SIGMA.DP ICM AS AN INTEGER 3-DIMENSIONAL ARRAY

76 THE SYSTEM OWNS A HOLDING .MSNS AND A MSN .QUEUE

78 PERMANENT ENTITIES

81 EVERY FO HAS A POINTING .TO ,A MY .RADIO ,A STATIJ S ,A WA IT .T M E ,

32 A AMT ..ACTIVE.MSNS , A TYPE . A STATE 4,

83 A LAST .CLUSTERED AND A AMT .MSNS .FIRED

34 EVERY BATTERY HAS A COL3R1 ,A CA LIBER ,A NUM .GUNS ,A X.CUR 1 ,

35 A Y .CUR1 ,A MAX .RANGE ,A ~UM .DPIC~1.LEF~ ,A ‘:UM .~IE.LEFT ,

86 A NO .MSNS.FIRED ,A STAT EI ,A ST .FIRING ,A QUEUE.sI :E ,

87 A RATE .OF.FIRE ,A WHICH .VOLLEY ,•I KOUNT AND OWNS A

88 HOWITZER .QUEUE

89 EVERY FDC HAS A STATE2 ,A CO LOR2 ,A NUM .MISSIONS ,AN X .C ’JR2,

90 A Y .CUR2 , AND A STA RT .PROCESS  

~~~~~~~~~~~~~~~~~ -



- - - .~~- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
•

91 EVERY RADIO HAS A STATE 3

92 TEMPORARY ENTITIES

122 EVERY MISSION HAS A MSN.NAME ,A NUM.ADJ .ROUNDS ,

A LEVEL. OF.DAMA GL,AN FO .TGT.PAN GE ,A LAST .FO.R G ,

124 A GT.IN [TIAL.RG ,A GT.FINAL .RG ,A AMT .OF.HITS ,

125 A RD .1.ERROR ,A RD .2.ERROR ,A BTRY ,A AMT.I N .CLU STER ,

126 AN ERROR .CODE ,A MSN .TIME ,A QUEUE.T IME ,A DEL .1 ,

127 A DEL.2 , A FIST ,A FIRE.D IR .CENTER ,

123 AN AMMUNT ION .TYPE ,A NOW .FIRING ,A SPEED ,

129 A SPD.APPARENT ,A DIRECTI ON ,A DIR .APPARENT ,A X .CUR4 ,

130 A Y .CUR4 ,I\ PRI.OF .CLU STER ,AN X .MR I , A Y.MP !,

131 A X.FUTURE .LOC ,A Y .FUTIJRE .LOC ,A NO.CLU STER ,

132 A VOLLEYS.TO.FIRE ,A THETA .A T.POSITION ,A LABEL

133 AND MAY BELONG TO A HOW IT ER .QUEUE ,;\ MSN.QUEUE AND

134 A HOLUING .MSNS

135 DEFINE POINTING .TO , MY .RAD IO , STATUS ,

136 AMT.ACTIVE .MSNS ,TYPE .STATE4 , AND AMT .MSN S .rIRED

13 7 AS INTE GER VARIABLE S

138 DEFINE COL0R 1,CAL IBER ,~UM .GUNS ,MAX .RAN GE,NUM .0PIC~’1.LEFT ,

13~ NUM .HE .LEFT ,NO .MSNS.FIRED ,STATE 1 ,QUEUE. SLE ,

140 WHICH .VOLLEY AND KOUNT -V3 INTEGER VARIABLES

141 DEFINE STATEC ,COLOR 2 AND NUM.M ISSIONS AS INTEGER VARIABLES

142 DEFINE STATE3 AS AN INTEGER VARIABLE

~4.3 DEFINE MSN .NAME ,NUM.AD J .ROUNDS ,LEVEL. OF .DAMA GE ,A F~1T.OF .~IITS ,

144 BTRY.AMT .tN .CLUSTER ,ERRO R .CODE ,FIST ,F [RE .DIR .CENTER ,

145 AMMUN ITION .TYPE ,NOW .FIRIN G ,Nfl.C LUSTER ,VOLLE Y S.TQ .FIRE ,

146 AND LABEL AS IN TE GER VAR IABL E S
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147 DEFINE DPICM .VOLLEY ,YES,BUSY ,ADJ .ROUND ,NO AND IDLE AS

148 INTEGER VARIABLES

149 DEFINE DPICM TO MEAN 1

150 DEFINE VOLLEY TO MEAN 1

151 DEFINE YES TO MEAN 1

152 DEFINE BUSY TO MEAN 1

153 DEFINE ADJ .ROUNO TO MEA N 0

154 DEFINE NO TO MEAN 0

155 DEFINE IDLE TO MEAN 0

156 DEFINE RN .STREAM ,DEBUG,AMT .RED.BATTERYS ,AMT .BLUE .BATTERYS ,

157 MAX .NUMBER.OF .MISSIONS .PER .FO ,AMT .CALIBERS ,

158 LARGEST.NUM.WPNS ,

159 AMT .AMMO .TYPES ,AMT .FFE .VOLLEYS ,AMT .MRL ,

160 AMT .FA.TIME.DELTAS ,NO .RANGE.BAN DS ,MISS .TOLERANCE ,

161 FWD.OBS .MSN.TOLERANCE ,BOX.TOLER .ANCE,FO.MAX .RAN GE ,

162 F0.MIN .RANGE ,D .RADIUS ,SA LVOS ,NUM .MSNS.FIRED ,

163 TOW .KOUNT ,LCOUNT AND RED .OFF AS INTEGER VARIABLES

164 DEFINE RED.1 .CONSTANT AS A REAL VARIABLE

165 DEFINE FO .VEH ICLE AS AN INTEGER 1-DIMENSIONAL ARRAY

166 DEFINE RD .OFFSET ,TRAVEL .TIME .ARRAY ,RANGE .BAND S ,
-

• 

167 FA.TIME .DELTAS , AND TGT .ACQ .ERROR AS REAL 2-DIMENSIONAL

168 ARRAYS

169 DEFINE LETHAL .RADI US.ARRAY AND ARTY .PK .TABLE IS REAL

170 4—DIMENSIONAL ARRAYS

171 DEFINE DISPLACEMENT AND CLUSTERS AS REAL 3-DIMENSIONAL ARRAYS

172 EVENT NOTICES INCLUDE STOP.SIMULATION ,SATTRITION ,CHECK AND

S HUT . OF

135 EVERY FO.NOT .BUSY HAS A F07
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186 EVE1~Y’ UPDATE .CLUSTER HAS A SPEC .FO

187 EVERY COMMO.ATTEMPT HAS A F06, A MSM6 AND A RAD6

188 EVERY OPEN .RADIO. NET HAS A RAD7

189 EVERY BUSY .RADIO.NET HAS A RAD8

190 EVERY FDC .PROCESSING HAS A NEW .1.FO AND A DIF .MSN

191 EVERY CHECK ING .GUNS.AVA ILABILITY HAS A BTRY1 , A FDC1 ,

192 A FOl , AND A MSN1

193 EVERY GUNS.F IRING HAS •A BTRY2 ,A FDC2, A F02 , AND A MSN2

194 EVERY ARTY . IMPACT HAS A BTRY3 ,A FDC3 ,A F03 , AND A MSN3

195 EVERY END.OF. MIS S IO N HAS .1 BTRY4 ,A FDC4.A F04, AND A MSN4

196 EVERY RED .ARTY.FTRES HAS A IT AND A BTRYS

197 EVERY MRL. IMPACT HAS A X .PLACE AND A Y .PLACE

198 EVERY ALT .F0 HAS A NAME 9

199 DEFINE FA.1 .MAIN .FA ...MAIN AND PREPLANNED A S RELEASABLE ROUTINES

Lines 70 , 72 , 74 declare C.NUMBER.ARRAY .RED .PLANNED.Fr RES , and

SIGMA.DPICM as pac ked integer arrays .

Line 76 defines two sets owned by the ;.stem , as opposed to those

owned by entities .

Line 199 defines FA.1. MAIN . FA.CS MA IN , and PREPLANNED as releas able

routines . (Their core storage can be released a fter use.)

.1. MAIN Program

The MAIN program ~f the STAR mode l prepares the mode l for execu-

tion. It reserves space for arrays , sets i n i t i a l  values of  ~l ob a l

var i ab les , and creates the appropri ate 31 ~ and Red systems . t schedu les

those events that start the simul a ti o n. In order to comp l~ with system

requirements of the IBM computer that was uct’d . the addi tions to the m ain

for the FA model were designed as routin es to be called from t’ i~~ STA R

MAIN .
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Coding and Brief Exp lanation

50 CALL FA. 1 .MAIN

83 CALL FA. 2.MAIN

84 RELEASE FA .1.MAIN RELEASE FA .2.MAIN

Lines 50 and 83 call the MAIN routines from the FA model . 
-

•

Line 84 releases the core storage allocated to routines FA.1.MA IN

and FA.2.MAIN,, after they have been executed .

3. Routine FA .1.MAIN

Descript ion

Routine FA.1 .MAIN partially fu l fills the function of the

MAIN for the FA module: variables and arrays are read into the

program , arra ys are di mens ioned , entities are created , and

a ttrib utes are ass i gned values . This routine is called by the

MAIN and calls routine PREPLAMNED .

Local Var i ab les

I ,J,K ,L — Integer variables that are used as counters for

do loops .

Coding and Brief Expl anation

1 ROUTINE FA .1.MAIN

. DEFINE t ,J,K AND L AS INTEGER VARIABLES

3 READ RN.STREAM ,DEBUG ,FO .MIN.RANGE ,FO.MAX .RAMGE ,

4 BOX .TOLERANCE ,MISS.TOLER A NCE ,FWD .OBS.MSN. TOL ERA NCE

5 REA D N .FO ,N.FDC ,N.RAD IO ,N .BATTERY,AMT .3LUE .BATTERYS

6 AMT.RED .BATTERYS ,MAX .NUMBER .OF.MISSIONS .PER .FO ,

7 AMT .CALIBERS ,N0.RANGE.BANDS ,AMT .FA .TIME.DELTAS .

S LAR GEST .NUM .WPNS ,AMT .AMMO .TYPES .AMT .MRL ,

9 AMT .FFE .VOLLEYS

10 RESERVE FO.VEHICLES ( ) AS N .FO

5,

___________________ 1_~
__

~ 
— —5-.



11 RESERVE FA .TrME.DELTAS (* ,*) AS AMT .FA.TIME .DELTAS BY 3

12 RESERVE SIGMA.DPICM (*,*,*) AS NO .RANGE .BANDS BY 6 BY

13 AMT .CALIBERS

14 RESERVE RANGE .BANDS(* ,*) AS NO .RANGE.BANOS BY AMT .CALIBERS

15 RESERVE CLUSTERS(*,*,*) AS 30 BY 8 BY N.FO

16 RESERVE C.NUMBER .ARRAY (* ,*,*~ AS R.NUM .ALIVE BY N .FO BY

17 MAX .NUMBER.OF .MISSIONS .PER .FO

18 RESERVE DISPLACEMENT( *,*,*) AS LARGEST.NUM.WP NS BY 2 BY

19 AMT .BLUE .BATTERYS

20 RESERVE TRAVEL.T IME.ARRAY( * ,*) AS AMT .CA LIBERS BY
p

21 AMT .At ’~1O .TY PES

22 RESERVE ARTY .PK.TABLE(* ,*,*,*) AS AMT .CAL IBERS BY 9 BY

23 AMT .AMMO .TYPES BY 3

24 RESERVE LETHAL.RAD IUS.ARRAY( *,*,*,*) AS AMT .CALIBERS BY 9 BY

25 AMT .AMMO .TYPES BY 3

26 RESERVE TGT .ACQ .ERROR (*,*) AS 2 BY 3 5

27 READ TGT.ACQ.ERROR ,F0.VEH.ICLE

28 LET D .RADIUS = 50

29 LET SALVOS = 1

30 CREATE EVERY FO

31 CREA T E EVERY FOC

32 FOR I = 1 10 N.FDC , DO

33 READ COLOR2 (I),X.CUR2(I),Y.CUR2(I)

34 LOOP

35 CREATE EVERY RADIO

36 CREATE EVERY BATTERY

37 FOR I = 1 TO N.BATTERY , DO

38 READ NUM .GUNS (r),COLOR 1(r ),X .CUR1 (I),Y .CUR1 (I),

58
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39 NUM.DPICM .LEFT(I) ,CALIBER(I) ,MAX.RANGE( I ’i,

40 RATE.OF .FIRE(I)

41 LET NUM.HE.LEFT(I) = 0

42 LET NUM.DPICM .LEFT(I) = 0

43 LOOP

44 F O R L = 1 T 0 3, DO

45 FOR K = 1 TO AMT .AMMO.TYPES , DO

46 FOR I = 1 TO AMT .CALIBERS , DO

47 F O R J = 1 T 0 9, DO

48 READ ARTY .PK.TABLECI ,J ,K,L)

49 IF ARIY .PK.TABLE (r,J,K,L) = 0

50 GO TO LOOP 1

51 ELSE

52 LET LETHAL .RADIUS.ARRAY (I ,J ,K ,L) =

53 SQRT.F(ARTY .PK.TABLE(t ,J ,K,L)/Pr.C)

54 LET ARTY.PK.TABLE(I,J,K.L) = ARTY .PK.TABLE(I,J ,K.L)/30000

55 ‘LOOPi’ LOOP REPEAT REPEA T REPEAT

56 LET RED.1.CONSTANT = 240/3

57 REA D TRAVEL.TIME.ARRAY

58 FOR K = 1 TO AMT.BLUE .BATTERYS , DO

~g FOR I = 1 TO NUM .GUNSLK), DO

60 FOR J = 1 TO 2, DO

61 READ DISPLACEMENTCt ,J ,K~

62 LOOP REPEAT REPEA T
- 

63 READ RANGE.BANDS

64 FOR K = 1 10 AMI.CALIBERS , DO
65 FOR I = 1 TO NO .RANGE .BANDS , DO

66 FOR J = 1 TO 6, DO
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67 READ SIGMA.DPICM( I ,J ,K)

68 LOOP ~EPEA T REPEA T

69 READ FA . TI ME .DELTA S

70 RESERVE RED.PLANNED.FIRES (* ,*,*) AS 30 BY 4 BY

71 AMT.RED. BATTERYS - AMT .MRL

72 CALL PREPLANNED(3 ,40,3 ,60,1 ,O)

73 CALL PREPLANNED(2 ,39 ,3,34,1 ,3)

74 CALL PREPLANNED(2 ,60,3,35,1 .5)

75 RELEA SE PREPLA NNED

76 RETURN END

Lines 1— 2 define the routine and the local variables .

Lines 3—9 read in values for 9loba l variabl es .

Lines 10—26 dimension some of the arrays defined in the PREAMBLE .

Line 27 reads in the values for the target acquisition error array

and the FO vehicle array .

Lines 29—29 define initial values for PREAMBLE defined globa l

variables .

Line 30 creates each entity tha t represents a forward observer.

Lines 31—34 create each enti ty that represents a FDC and read in

initial attri bute values.

Line 35 creates each entity that represents a radio frequency .

Lines 36—43 create each entity that represents a firing unit and

read in initi al attribute values .

Lines 44—55 read in a ll lethal areas , convert to both lethal radii

and the probability of damage over a 300 meter X 100 meter area .

Line 56 initializes a conversion factor to be used when a value

from array ARTY .PK .TABLE is used to determine MRL lethality .

60
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Line 57 reads in the values of the average velocit y of di ffe rent

amunition.

LInes 58—62 read in the disp la cement for each weapon from the center

of the firing unit.

Line 63 reads in the breakpoints of the linear approximation to the

round impace dispersion curves .

Lines 64—68 read in the values of the round impact dispersion at each

breakpoint.

Line 69 reads in time parameters .

Lines 70-71 reserve array storage ~or the array caHed ~ED. PLANNED.

FIRES .

Lines ‘.-‘4 ca ll routine PREPLANNED t~~ create the targets for u~e in

RED ~lanned fi res .

Line ‘5 releases the core storage that had Seen reserved ~or routine

PREPLANNED . *

Line ‘6 returns contro l to the MAI N.

.
~~~. Routine FA .2 .MAIM

Descr ipt ion

Routine EA .2 . MAIN compl etes the function a’ the M A M  ‘or the

~A model . Input values are ini t i a l ~~ed . selected ~rir u~ 
,
~a~ ues

are p ri n t ed , and i n it i al FO c lusterin g times and ~ed pl anned

fi res are init iated. This routin e is called Sv MAIM and ~cYi ed ulcs

events ~EIL.aRTY .F1RES and JPrATE .~ LLISTE~.

Local Variables

- An integer vari able used as a coun te r ‘or a Jo loon

Cod ing and Brief Expl anation

I ROUTINE FA .2.MA N

2 DEFINE I IS AN INTEGER VARIABL E
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3 FOR I 1 TO N..FO, DO

4 LET FA( RRRPO INT (FO .VE H ICLE ( I ) ) )  I

5 LET PO INTIN G .TO ( I )  RRRPO INT (FO .VE HICLE ( I ) )

6 LET TYPE( I) 1

7 LOOP

8 PRINT 48 LINES WITH RN .STREAM ,DEBUG ,FO.MIN .RANGE ,

9 FO.MAX .RANGE ,BOX.TOLE RANCE ,MISS.TOLERANCE ,

10 FWD.OBS.MSN .TOLERANCE ,MAX.NU MBER ,OF .MISSIONS.PER .FO ,

i i  AMT.CALIBERS ,NO .RANGE .BANDS ,AMT .FA. TI ME.DELTA S ,

12 LARGEST.NU?1 .WPNS ,AMT.AMMO,IYPES ,AMT .MRL ,

13 AMT.FrE,VOLLEYS. S .NUMSALIVE ,R .N UM.A LIVE ,N .TANKS ,N.F0,

14 N.FDO ,N.RADI O ,N ..BATIERY ,AMT.B LUE.SATTER YS AND

15 AMT .RED .BATTERY S THUS

RN STREAM **

DEBUG **

FO M IN RA NGE

FO MAX RANGE

BOX TOLERANCE

MISS 1OLERP~NCE

FWD OBS TOLERANCE ~~~~~~~~~ .

MA X MSN FO

AMT CALIBER S **

NO RA NGE SANDS **

AMI FA TIME DELTA S **

LARGEST MUM WPNS **

AMT AMMO TYPE S = **

AMT MRL = **

AMI FFE VOLLEYS 
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B NUM ALIVE **

R NUM ALIVE = **

N .TANKS = **

N.FO = **

N .FDC **

N.RADI O **

N.BATT ER Y **

AMT BLUE 3ATTE RYS

AMT RED BATTER YS **

16 FOR I = 1 TO M.FO , DO

17 SCHEDULE AN UPDATE.CLUSTE R(I ) IN (1O~I) UNITS

18 LOOP

1J FOR I 1 10 AMT .RED.BATTERYS -AMT .MRL , DO

20 SCNEDULE .1 RED.ARTY .FIRES (1 ,AMT.BLUE .3AITERyS÷I) IN :~io
21 UN ITS

22 LOOP

23 RETURN END

Lines 1— 2 define the routine and the local variable. .

Lines 3—7 ini tiali ze attri butes of the FO and h is vehicl e.

Lines 8—15 echo print input values .

Lines 16—18 schedule an initial clustering for each FO.

Lines 19—22 schedule an initial planned fire for each Red battery .

Line 23 returns control to the MAIN.

5. Event FO. NOT .BlJSY

Descri ption

Event F0.NO1.BUSY simulates the EQ becomi ng idle after

finishing a f ire miss ion . It schedules an UPDATE .CLJSTE~ at

_ _ _ _ _ _  
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that time . This event is scheduled by event COMMO .A TTE~1PT and

event END.OF. MISS ION .

Local Variables

ID. FO — An integer variable representing the EQ.

Coding and Brief Explanat ion

1 UPON FO.NOT .BUSY ( ID.FO )

2 DEFINE ID .F0 AS A N INTEGER VARIABLE

3 SCHEDULE AN UPDATE~CLUST ER ( ID. FO ) NOW

4 IF AMT. A CTIVE .MSNS ( ID .FO ) = 0

5 LET STATUS ( ID .FO ) IDLE

6 ALWAYS

RET URN END

Lines 1-2 defi ne the event and the local v ariable.

Line 3 schedules the time of the next clustering for the FO.

Lines 4—6 set the EU’s status to idle if he does not have any

rniss ions

Line 7 returns control to the syste m timer .

6. Event JPDATE.CLUSTE R

Descript ion

Event UPOATE .CLUSTER simulates the forward observer ’s ac-

tions during the c lustering ~f v ehic les . It c a l l s  routi ne

DOING.CLUSTERS to perform the clustering al gorithm . Both the

name and the priori ty of the most important cluster are returned

as arguments . If the priori ty is strictly positive, routine

NEW.MISSION is called to create a fire mission .. The cluster ’ s

future location is estimated and the EQ attempts to pass the

fi re mission to the FDC . This event is scheduled 5y event

FI .2.MAIN , event FO .MOT.BUSY and itsel f. It calls routines

~~~~~~~~~~~~~~~~~~~~~~~ 
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SL he d uleS event 22MM0..A~ T E~1P7 .

Loca l  V an ables

:D. F~~ - An Integer va r ’asl e repr e senting the forward

abs erver .

12. MISS ON - An integer va r iab l e representing the newl~
created n i s s i o n . *

NAME. I3~ I~
Y - An integer ‘~ar~ah1e representing t i e

cl u ster w it h the l ighest  pr io r i t~ ,

- An integer va ria bl e representing the newl , created
pni ss ion.

- A n integer var iab le  equal to the total

number of clusters t~ia t tie FO created .

- \ real variable represent ing the interva l after

~v n i c h  t ie event JPI~A 7 E.CLJS T ER ‘iS resc heduled .

— A real variable representing the t i m e  i’iterv al

after whic h  a ca mun ic at i o ns attenipt ~ili be made .

ES7I’~
,A7E.JF.7:ME - A rea l ~ari ab1e representing ~he est imate

of tie t~me between tie F3 ’ s ca l l ~or fi re and t~e im nac t of tie

adjusti N r(Iund .

- A rea l v a ri ab le represent ing t’~e ~alje of tie

prior i ty of the ‘i~ist important c luster .

Coding and 3r4 ef ~~lan a ti on

UPON UP~
.
~7E .JL5lS7ER:M~~ :2.~~ ’

2 2E FINE :7.n ,:.’. s s N ,N A E .~~ I~ R:~ Y A N D ~ ~s :NT:3E ~
3

DEFINE ‘~rAL .CLJsTERs As AN :N7E ~ E~ .A ~ :.-\~ LE

S 1E~ :NE 7~I~ E : :‘4~ .
‘
,CS ~~~ :l1 - ~~T~~ ~F ME Al~7 ~R V A LJE AS REAL

IL - ~- - - - 
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6 V A R I A B L E S

7 CALL A RT Y .T IME ( ’.) YIELDING T IME.1

0 SCHEDULE A N UP~~TE.CLUS T ER (ID . FO) IN T IME 1 UN TS

~ IF ALIVE. DEAD (POINTING.TO( ID .FO )) = 1

10 R E T U R N  ELSE

11 IF I1.BL’JE~AL IV E (POINTING .TO ~ID.FO)) 0 RETURN ELSE

12 IF A MT. .A CT IV E. M SNS( 10 F0 ) = MAX ~ NUM BER .0 F .M ISS IO NS .PER.FO

13 RETURN ELSE

14 IF  DEBUG 3E 1

15 SKI D I 2UT~UT LINE

l~6 STII~T NEW L I M E

1 PRI NT LINE ~IT H 10 FO A ND T~~E V T HUS

* CLUSTE RING T~~ E = ~~~~~~~~~~~~~

~3 S¼~IP 1 0UT~U1 LINE

1’ AL .~AYS

2~1 LET S T A T E 4 ¼: : . Fo 1 r S T A T E 4 ~~:0. F2~ 1

l IF ST IT E 4~~0. F0~ = M~A\.NUM BER .2 F .II ISS :CNS. PER .FO

22 LET S~ \TE4~ ID. FO~ = I

23

4 LE L.AST .CLUSTERED ( J. FO~

5 ~~LL DO I NG .CLJSTE RS ( 0. F0) Y I EL O I NG NAt~E. 2RI~IR ’~~,

iRI. V A L UE AND T CT AL. C LUS TER S

2 7 IF  DR~~ VALUE = I

28 LE T STA ~ E4~ I0.FO i = ST. ATE 3~~ID . FO I - I

2~
3i) IF ~RI. .A LUE 3T 0

3 LE~ ST -\TUS~~0 F0~ = BUSY

~2 CALL ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ Y EL3I~~I i
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33 LET ID.MISS ION = M

34 LET MSN .T IME( I D~MISSION ) = TIME.V

35 LET ESTIMA TE.O F.T IME = 100

36 ‘NEXT ’

37 CALL NEW. LOCAT ION(I D.M ISS ION IESTI MATE .OF~1IM E ,1)

38 LET AMT . ACTIVE.MSNS(ID.FO ) =

39 AMT ACT 1VE MSNS(I[’ FO) + 1

40 CALL ARIY.LME (2) YIELDING IIME .2

4 1 SCHEDULE A COMMO. ATTE MPT (I D.FO ,ID. M I SS I0N ,1~ IN T IME ..2 UNITS

32 LET PRI.VALUE = 0

43 ALWAYS

44 RETURN END

Lines 1-6 define the event and the local variables .

Lines 7—8 schedule the event at the appropriate time ,

Lines —ia check whether the EQ is lead. If he is dead , control is

returned to the system timer.

Line 11 checks whether the FO is dead. If so , control i s returne d to

the system timer . (A di fferent attribute is checked than ~ias checked

above.)

Lines 12-13 check whether the FO has the maximum numbe r of m iss ions

that he is allowed. If so , contro l is returned to the system timer .

Lines 14—1 9 are a print option.

Lines 10-23 increment the value of STA TE A up to the na -cimum number

of miss ions a l lowed the EU.

Line 23 updates the time of clusterin g .

Lines 25-26 call routi ne DOING.CLUSTE RS .

Lines 27-29 check if the priori ty is zero. If su , the v alue of

STATE4 is reduced by one.

5:.
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Lines 30-43 check if the value of PRI .VALUE is strictly pos itive.

If so , it sets up the procedures to start a new mission ,

Line 44 returns control to the system tini er .

7 . Event COMMO ATTEMPI

Descri ption

Event COMMO.ATTEMPT is scheduled by event UPOATE .CLUSTER

and by i tsel f. It simulates a radio transmission on a spec i fic

frequency . It calls Routine ARTY .TIME for the appropriat e time

of transmission. The event checks to see if frequency is idle

before transmitt ing . If the frequency is idle, the transmis sion

i s  received in a OS firi ng uni t FOC at the end of a - ;pecific

numbe r of seconds . If the frequency is bus y , the message is not

transm i tted and the frequency is checked every 5 seconds to see

i f it is free . If the  EU w a i t s  over 60 seconds , the miss ion i s

cancelled andthe attribute ERROR -CODE i s  g iven the va lue of I..

The event COMMO.ATTEMPT schedules event C1PEN .RADIO .NET , event

flC . ~~O C E S S I N G . and i t se l f .

FO - An integer variable representi nt J the EQ attempti n~

the commun i cati on .

1 . -IISSION - An integer variable representin g the mission

being passed to the FOC .

ID. RAD IO - An integer van able representing ‘he radio fre—

luency b eing used.,

TIME — A i’ea I y i n able repr~i; enti ng t he t line ~~qu i red to

m ake the ~~~~~~~~~~~ as returned by ARTY .T I M E.

Cod ing and Bri e f Explanation

8 

-~~~~~~~~



- 
-

~~ -~~~~~~~~~~~~
5- - - -

r

1 UPON COMMO.ATTEMPT( ID.FO , ID .MI SSION , ID.RA O I0~
O DEFINE IO .FO , ID.RADIO AND ID .M1~ SI0N A~ INT E GER V \ R IAUI H

3 DEF INE TIME AS A REA l VARIABL E

4 IF W A IT . T I M E ( I D . FO) EQ 0

5 LET WAI T .TIME (tQ .FO~ TIML.V

i ALWAYS

7 I F (T I ME .V—WA IT . T IME( IO .F0 ) )  ;r

~ LI:T ERR OR. C OD E I ID.MI SS IO N 1 = I

-1 LET UAII .T t M E ( t n . F O ) o

Ii) SCHEDULE -\ FO. NOT.BUSY (tP r0~ NO~

11 RETURN ELSE

12 IF STATE 3( ID~RAD1 0) IDLE

13 LET ~A IT .T IM E( ID . H) ) = 0

IA C A L L  A R T Y~ T IME~ 3 *~ YIELDING T IM E

1~ SCHEDULE A FDC .PRO CES SIN ; ( I D . r0 ,Ifl MI I~ N~ IN TIMII I NIV ~S

US LET ST AT E 3~ iO.U\DI0)  I

I~ SCHEDULE AN ~~FN RADIO .NET ( ;D.~~\0I0) IN TIME UN I TS

H ~E rIIRN ELSE

1 ~CHEDhIL ~: A C0MMO.ATT[~1PT , ID . EU . ID .IUSSIUN , I D.~~A :i iU’ iN 5

CO UNITS

:1 IET IIRN EMIl

L ines 1—3 de fine the ~‘vent and lo cal van ahi os

L i nes 4—~ -; ot the  va I ut’ o t~ it ri buto W A I . I’~’1E t~i he u t r o n t  a I

of the si mulat io n ti m e if t~ii’ ; i- ; t he t irs t t t te mp t i t  t r,in’, i m l t t l i O .

Li l i t ’’) ‘— 11 t i ’s t whether he FO ‘ ma ’ ) wa 1 ,‘d o ve r  o, 1 - , t’c on~I - . .

co n t ~ I i -; no t un’ied to the s ~ ‘; tern nier

I i ne 12 ‘s t - ; I tie l i  di 0 1 ‘-~ m dl ~‘

LIne I i - , o t-~ he i t t r m  h u t ’  ~‘\ I T. TI - MI t ~m U .

~~‘1
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Line 14 calls l~ou tine ARTY.TIME for the time pa rameter.

Line 15 schedules the event FDC.PROCESSI NG in time seconds.

L ine 16 sets the radio to busy.

Lines 17—18 schedule the event OPEN .RADIO.NET in time seconds and

con trol i s returne d tL th e system t imer .

Lines 19—21 reschedule another COMMO .ATTEMPT in 5 seconds if the

r a d i o  is  busy  a n d  c o n t r o l  i s  returned to the system timer .

3. Event OPEN .RAO IO

Descr i ption

Event OPEN .RAD IQ s imulates a radio frequency becoming avail-

able for use. It is scheduled by event COMMO .ATTEMPT , event

GUNS.F IRIN G , even t ARTY , IMPACT , and event END .OF.MISSION .

Local Var i a b le

ID.RAD IO - An integer variable representing the radio fre-

quency .

Coding and Brief Explanation

1 UPON OPEN .RADIO .NET( ID .RADIO)

O DEFINE I’L RADIO AS AN INTEGER VA R IA BLE

3 L~T STA TE 3( ID .RADI O) = U

4 RETURN END

Lines 1— 2 defi ne the event and the local variable.

Line 3 sets the attribute STATE3 to free.

Line 3 returns contro l to the calli n g event .

I. Event BUSY.RAD IO

Description

Event BUSY .RADIO simulates a radio frequency becomin g busy .

It is scheduled ~v event GUNS. EIR IH G an d event A RTY .IM PA CT .

7 (J
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Local Var iab le

ID.RAD IO - An integer variable representing a radio frequency .

Coding and Brief Explanation

1 UPON BUSY. RADI O. NET (ID. RA DIO )

I DEFINE rD .RAD IO AS AN INTEGER VARIABLE

3 LET STATE3(IO.RADIO ) = 1

4 RETURN END

L ines 1— 2 define the event and the local variable.

Line 3 sets the attri bute STATE3 to busy .

Line 4 returns control to the ca l l i ng  event.

10 . Even t FDC.PROCESSING

Descr i pt ion

Even t FDC.PROCESSING simulates a fire direction center process-

ing a f ire mission . It checks the target to see if it is too c lose

to any other targets currently being a fired upon. If not , the

event checks the target location to insure that it is within range

of the sel ected firing unit. The event is cancelled if any of the

tests are fa iled. Event FDC .PROCESSING is scheduled by event COMMO .

\TTEMPT. Event FDC .PROCESSING schedules event CHECKING .GUNS.

AVAILABILITY an d event END .MISSION and calls routine ARTY .TIM E an d

01ST.

Local Var i ab les

I - An integer variable used as a counter for do loops .

ID.FO — An integer var iabl e representing the EQ

ID.~1ISSI0N - An integer variable represent ing the ni- ;sion

being fired .

ID.BTRY - An integer varia ble representing the fin i ng unit

selec ted to fi re the mi ssion .

:.1



DIFF - A real variabl e representing the range between any

two targets that are checked for proximity .

TIME - A real variable representing the time increment

until the mission is finished processing in the FDC .

XX - A real variabl e repres enting the difference between

the X coordi nate of the target and the X coordinate of the firing

unit.

VY - A real variabl e representing the di fference between the

V coordinate of the target and the V coordinate of the fi ring unit.

RG — A real variable representing the range between the

target and the firing unit.

Codin g and Brief Ex p lanat ion

1 UPON FDC.PROCESSING(ID~FO ,ID.MISSION )

2 DEFINE I ,J,K,L,M,ID.FO ,I0.MISSION ,ID.BTRY ,VOLLEYS ,

3 AND TYPE.AMMO AS INTEGER VARIABLES

4 DEFINE DIFF.TIME ,YY ,RG AND XX AS REA L VARIABLES

5 IF OEBUG G E l

6 SKIP 1 OUTPUT LINE

7 START NEW LINE

8 PRINT 1. LINE WITH ID.FO ,MSN .NAME(ID.MISSION ) AND T IME.V THUS

EQ * ( ** ) FDC PROCESSING TIME= ~~~~~~~~~~~

9 FOR I = 1 TO N.FDC , DO

10 PRINT 1 LINE WITH I,NUM.MISSIONS( I) ,STATE 1(t) AND

11 QUEUE.SIZE( I) THUS

FDC * ** MSNS ** BIRY ** QUEUE

12 LOOP

13 SKIP 1 OUTPUT LINE

14 ALWAYS
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15 LET STATUS ( I D.FO ) BUSY

16 LET AMMUNIT ION .TYPE(ID.MISS ION ) = DPICM

17 LET VOLL EYS.TO. FI RE(I D.M ISS ION ) AMT .FFE .VOLLEYS

18 FOR I 1 TO N .FDC. DO

19 IF NUM.MISSIONS(I) 0

20 THEN IF STATEI(I ) 0

21 GO TO CORRECT.BTRY

22 ALWAYS LOOP

23 FOR I = 1 TO N.FDC , DO

24 IF NUM .~1 ISS IO NS(I) = 1

2 5 TH EN IF  STAT E1 ( I )  = 1

26 GO TO CORRECT. BTR Y

27 ALWAYS LOOP

23 FOR I = 1 TO N,.FDC , DO

29 IF NUM .MISSIONS(I) = 0

30 THEN IF STATE1 (t) = I

31 THEN IF QUEUE.SI:E(I) = o

32 GO TO CORRECT .BTRY

33 ALWAYS LOOP

34 FOR I 1 TO N.FDC , DO

35 IF NI1l .MISSIONS (I) = o

36 THEN IF STA TE I( I)  = 1

37 THEN IF QuEuE .st :E (t )

38 GO TO CORR ECT.3TR Y

39 ALWAYS LOOP

40 FOR I 1 TO N.FOC , 30

41 IF tIUM.MI SS IONS( I) 1

42 THEN IF STA TE 1(I ) = 1

-‘3
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43 THE M IF ~UEUE.SIZE(I) 0

44 GO TO CORREC T .I3TRY

45 ALWAYS LOOP

46 FOR I 1 TO N .FDC , DO

47 IF NUM .MISS IONS(I) = 2

48 THEN IS STATE1 (I) = 0

49 GO TO CO~RECT.BTRY

50 ALWAYS LOOP

51 ‘ CORRECT.BTRY ’

52 CA LL A RTY .TIME( A )  YIELDING TIME

52 SCHEDULE A CHECKING. .GUNS.AVA ILABILITY(I ,I ,ID FO ,ID .MISSIONS) IN

54 ThE UNITS

55 LET ID.3TRY =

56 LET X X X~CUR 4(ID MISS ION ) - X.CUR 1 (ID.BTRY)

57 LET YY = Y ,CUR4 (ID.MISS IO N ) - Y .CIJR1(ID . BTRY)

53 LET THETA (ID.tIISSION) = ARCTAN.F(YY ,XX)

53 CALL DIST (X.CUR 1(ID.BTRY) ,Y ,CUR1 ( ID BTRY) ,X.FUTURE .LOC

60 (IJ.MISSIO ~I~ ,Y .FUTURE.LOC (ID .t~1 SSIO N ) Y IELDIN G RG

61 LET GT .INITIAL. RG(ID.MISSION ) =

62 LET GT.FINAL.RG ([D.MISSIO N) RG

63 IF RG GT I4AX.RAN GE (IJ BTRY)

64 LET ERROR .CODE ( ID .M ISS ION ) = 3

65 SCHEDUL E AN END,OF.M ISS ION (I~ .BTRY ,ID.BTRY ,ID.FO ,ID MISS I0N ) NOW

56 RETURN ELSE

67 IF H.HOL~ING.MSNS 3

68 FILE ID MISS IO N IN HOLDING.MSN S

6) GO TO NEXT

70 ELSE

74
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71 FOR EACH MISSION IN HOLDING .MSNS ~IITN MISSION ME

72 ID..MISSION . DO

73 CALL DI S T( X.CUR 4(I D.M ISS ION ) . Y .CUR4( ID.MIS SIO N) ,

74 X.CUR4(MISSION),Y.CUR4(MISS ION)) YIELDING 01FF

75 IF 11FF IT FWD.OBS.MSN .TOLERANCE

76 LET MSN .TIME(t0.MISSION ) TIME~V - MSN.TIME(ID.MISSION )

77 LET ERROR . COOE (ID MISSION ) = 2

78 SCHEDULE AN END.OF.M ISSION(ID .BTRY ,ID,BTRY ,ID.FO ,ID.M ISS ION ) NOW

79 RETURN ELSE

SO LOOP
‘S

81 FILE ID.MISSION IN HOLDING .MSNS

82 ‘NEXT’

83 LET ST A RT .PROC ESS( I)  = TIME.V

34 LET NUM.M ISSIONS(I) NUM.MI SSIONS( I) + 1

35 RETURN END

Lines 1—4 de fi ne the routi ne and the local var iables -

Lines 5-14 are a print option.

Line 15 sets the FO’ s status to busy.

Line 16 sets the type ammunition to be fired to DPICM .

Line 17 de fines the number of volleys to be fi red equal to the input

val ue of AMT .FFE.V O LLEY S .

Lines 18—51 check the status of the FDC , firing unit , and th e fi ring

unit ’s waiting queue to determ i ne wh ich firing unit will fire the mi ssi on.

Line 52 determi nes the time interval between the start of FDC .~~OC ES S I N~
and the t ime that the f i r ing unit recel yes the f i r ing data.

Lines 53— 54 schedule a heck of the f i r ing un i ts  s t a tus .

Lines 56—58 update THETA .
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Lines 59-60 determi ne the range between the fi ring uni t and the esti—

mated targ et locat ion.

Lines 61-62 assign the value of the range to appropriat e attributes

of MISSION .

Lines 63 — 66 check whether the target is beyond the range of the firi ng

uni t  chosen to fi re. If so , the attri bute ERROR .COOE of MISSION is g i v en

the value of three and control is returned to the system timer .

Lines 67— 81 check the distance between the centers of targets . If

that di stance is less than an input v a l u e , the at tr ibute ERROR .CUD E of

MISSION is -jiven ~he value of 2 and the t i ission is cancelled . Otherwise ,

the current mission is place d in the HOLDING MISSION S set until t~ie miss ion

is f inished.

Lines 33-~4 update values of attrib utes of BATTERY~

Line 35 returns control to the system timer .

11. Event CHECKING. UUNS .AVA I LABI LITY

Descri ption

Ev ent CHECK IMG.GUNS .AVAILA BILIT’1 checks whether a fi ring uni t

is busy when a fi re mission is ready to be fired . If t i e ~ir in ~i

unit is busy, the mission is placed in the set , HOWIT :E~ . ~UEUE.

Itherwise the n iss i o n is fi red by the fi ring unit . Event CHEC KING

.3UNS.AV \ILABI L TY is scheduled by event ~DC. ’R0CESS NG and

schedules event GUNS .FIRING . It ca lis routine ARTY .TIME.

Local Var iab les

D .BTRY — An intege r variable repr esent ing the fir ing unit

ID . FDC — An inte~jer variable repres enti n~i the fire d ire ction

center .

I!’.FO - An integer variable representin j the forwarl ob server.

ID MISSION - An integer variabl e representin g t i e fire m is si on .
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TIME — A real var iable equa l to the time interva l between

the time the firing unit receives the firing data and the time

the firing unit fi res.

Codi ng and Brief Explanation

I UPON C H ECK ING .G U NS .AVA ILA BIL ITY (I D~BTRY ,ID.FDC ,ID.FO ,ID.MISS IO N )

2 DEFINE ID.BTRY ,ID.FDC ,ID. FO AND ID.MISSION AS INTEGER VARIABLES

3 DEFINE TIME AS A REAL VARI A BLE

4 IF DEBUG ~iE 1

5 SKIP 1 OUTPUT LINE

5 PRINT 2 LINES WITH ID.EO ,MSN .NA F-IE(ID MISSION) ,TIM E. V ,

7 ID.3TRY AND STATE1 (ID BTRY ) THUS

EQ * ( ** CHECK ING GUNS TIME

3TRY * GUNS *

3 SKIP 1 OUTPUT LINE

I -A LWAYS

it) IF tI UM.MI SS IO NS(tD . FDC ’) NE U

11 LET NUM .MISS IONS(I 3.FDC) = NUM .M ISSI 0NS~ t D. FDC ) -

12 AL1~AYS

13 LET BTRY( D.MISSION~ ID. 3T~Y

14 LET IRE .JIR.CENTER (ID.MISSION~ = ID. F7C

15 IF STA TE1( ID .B T RY~ = 3

16 LET STA TE 1(ID.B TR Y ) 1

1 7 LET ST .FIRING~ I D . BTR Y ) TItI E .V

18 LET NUM .ADJ .ROUNDS~JD.MISSION~
j - )  CALL ATRY.TIME (5) YIELDING TIME

20 SCHEDULE A GUNS . FIR NG~ t D BTRY .ID FDC , 3~~0. . S S I CN ’ N

2’. Th-IE UN I TS

22 RETURN ELSE

- -
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23 LET LABEL( ID.MISSION ) = 1

24 IF DEBUG GE I

25 START NEW LINE

26 PRINT 1 LINE WITH ID.FO ,MSN NAME (ID.MISS ION),

27 MSN .NAME (ID .M ISSION ) .~ND ID .BTRY THUS

FO * ( ** ) W AITING IN QUEUE ~1SN ** FOR BTR Y **

23 SKIP 1 O’JTPUT LINE

23 ALWAYS

30 LET ~UEUE.TIME (ID.MISSION ) = T IME.V
31 LET MSN .TIME(ID.MISSI0N~ = 3

32 LET QUEUE,sI:E(ID.BTRY) = -
~UEuE .sI:E(Io.BTR Y) + 1

33 FILE ID. HISSION IN HOWIT:ER .QUEUE (ID .BTR Y~

34 RETURN END

Lines 1— 3 de fine the event and the iocal variables.

Lines 4—9 are a print option .

Lines 13— 12 reduce the number jf m i ssions being processed by the F~)C

by I if the number is nonzero .

Lines 13— 14 assi gn appropr iate val~ es to attributes of the n iss ion.

Lines 15—22 check whether the firin g unit is idle. If so . the fi rin g

of the guns is scheduled and appropri ate ~ttri butes are updated .

Line 73 sets value of attribute LABEL to one , i ndicating t~iat the

mission wa i ted in a queue .

Lines 24—29 are a print option.

Lines 30—33 place the mi ssion in a waiting queue ~HOW I~~E~1 ~JE ’JE ’ and

assi gn appropriate values to attributes of MISSION and BATTERY .

Line 34 returns contro l to the system timer .

IL -~~~~~~
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12 . Eve nt GUNS -FIRING

Descript ion

Event GUNS.F IRING simulates the process of firing a sing le

round or vol l ey . A time of fl i ght is calculated based on the

range to the target from the firing unit and the ammunition type .

The FO is alerted by radio 5 seconds prior to the round/volley

impact. Eve nt GUNS .FIRIN G is schedule by event CHECK ING .3UNS .

AV \ILA B IL ITY , event ARTY . MPA CT , and event END OF MISS 3N . It

sche dules event ART’ ~. :MP~cT , event 0PEN ..~A DIO,N ET and event BUS Y .

~A DI 0.NET . It calls rout~ne 31ST

Local Variables

1 .3TRY — in i ntege r vari able representing tn e fir ing unit .

ID. F3C - An integer var iaole representin g toe F7C .

- An integer variab l e repre sent in q the ~O.

I3.MISS IO N — A n integer va r i ab le  re prese nt ing t~e ‘ i iss ion

bein g fired.

~PN .TYPE — An integer vari a~ ie repr esentin g the ~seapo n s~ -stem

o f tie f i r i ng  uni t .

TYPE AMMO — n integer variao ’i e re p resen tii i tie t : e  o f

amm unition ~~red .

TOE — A real variable equa l to tie ti~ne of fl i ght .

— A real variabl e equal to the ra nge in meters between ti-c

f’rin g unit and the target .

Cod ing and Bri ef Ex p la n ati on

JPON GUNS. F R N G ( ~~.3TRY, I2. FOC , J .F0 , J M IS SICN ’

2 DEFINE :O .BT R Y ,:n .nc ,r3. Fo AND ID. M:ss:cN ,-~oN .~ vrE AN3

3 ~~PE. -\MM~ AS :NTEGER VA RIA BLES

4 DEFINE TOF A ND -16 AS REAL VARIAB LES

a
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CALL NEW .~1ISS C I3.~ O,NAME .~ Rt3RI . I. VALJL) Y iE L C1~ C
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5 IF DEBUG GE I

6 SKIP 1 OUTPUT LINE

7 START NEW LINE

S PRINT 2 LINES WITH 1D.FO ,MSN NAM E (ID-M ISSION ),TIME~V ,

9 ID .BT RY , AND WH ICH.VOLLEY (ID.BTR Y) THUS

FO * ( ** ) FIRING GUNS TIME =

STR Y * VOLLEY **

10 S K IP 1 OUTPUT LINE

11 ALWA YS

12 IF NOW .FIRING (ID .MI SSION ) = ADJ .ROUND it

13 GO TO NEXT

14 ELSE

15 LET WH IC H.VOLLE Y(ID .BTRY) = WHICH ,VOLLEY( ID.BTRY) + 1

16 CALL DIST(X.CUR 1(IJ~3TRY),Y,CUR1(I0 .BTRY),X~ FUTURE ,LOC

17 (ID.MISSION), v.FUTURE.Loc (ID,MIssIoN)) YIELDING RG

13 LET GT.FINAL ,RG (ID~M IS S ION ) =
1~ NEXT ’

20 LET WPN .TYPE = CAL 3ER(ID .BTR Y~

21 LET TYPE .1IMMO = A MMUN ITION .TYPE (ID .MISS ION )

22 LET TOE = 3T .~ INAL.RG (ID.M ISS ION ) TRAV EL~TIME .ARRAY~WPN~~~DE ,

TY PE.A MMO )

23 SCHEDULE AN ARTY .IMPACT (ID.BTRY , ID,FDC~ I3 .FO ,ID~ 1ISSIO N) IN

TOE UNITS

24 IF TOE IT 0 RETURN ELSE

25 SC~fEDULE A BUSY .RADI O NET~MY .RADIO\IO F01 ) N TOF-’.3 JNITS

26 SCHEDULE AN OPEN .~ AD IO .NET MY .R,ADI0(ID F0’i~ N TOE-S UNITS

27 RETU RN ENO
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Lines 1—4 de fi ne the event and the loca l varia bles .

Lines 5— 11 are a print option ,

Lines 12-15 check whether the battery is in the adjustment phase .

If so , control transfers to line iL Otherwise , the volley count is

increased by one.

Lines 16—13 calculate the range to the ta rget and assign it to an

attribute of MISSION .

Line 13 is a continuation lable.

Lines 20—23 determi ne the time of f i i jht and schedule the round 1

volley impact.

Lines 23—25 check whether the time of flight of the projectile is

less than 10 seconds . t~ormal artillery observed fi re procedure is to

send the observer a iessage alerting him that a round is about to land .

If the time of fli 3ht is less than 10 seconds , control is retur~ed to

the system timer , with no message being sent to the EQ . Otherwise , an

alerting message is sent to the FO. Sinc e a mission in progr ess has

pri on t. over other traffi c in a fire control net , the message woul d be

sent over another transmission if the frequency was bus y at tb~ tim e o f

the transmission of the alert message .

Line 27 returns control to the system tim er .

13. Event ARTY .IMPACT

Description

Event .A RTY .IMPACT simu lates the actions tn~ t occur when a

round/volley impacts . The event detenn i nes the ooint at -which

t h e  mission enters the fi re for effect phase: Cnce i n the fire

for effect phase, the fi ring is continued unti l a 1 1 requi red

rounds are fi red . A f t e r  each v o l l e y  in the F~ E ohase , damage is

assessed. Event ARTY .IMPACT is scheduled by e ‘it lINS .~~RING ,

—~ I
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event END.OF .M ISSION , event OPEN .RADIO .NET , and event BUSY.

P’~DI0.NET. It calls routines ERROR ,DIST ,ARTY .T IME ,N EW. LOCAT ION

a nd AS SES SMENT.

Local Var i a b les

I - An integer variable used as a do loop counter .

ID.BTRY — An Integer variable representing the firing unit.

I D. FDC  — An integer var iab le  representing the FDC .

ID.FO - An inte ger variable representing the FO.

ID .MISSION - An integer variabl e representing the mission

being fi red .

ANS — A rea l variabl e equa l to the range in meters from the

EQ to the target.

RG - A real variable equal to the range in meters from the

firi ng unit to the targe t .

TiM E. ’ . and TIME A — Real variables equal to the time required

f o r  the EQ to i-aLe a subsequent adjustment

T:ME .2 and TIME .5 — Rea l variabl es equal to the time required

for the commu nication be tween the FO and the FOC .

TIME.3 and TIME .6 - ~leal var iables equa l to the time required

by the firi ng uni t to fi re an adjustin g round.

T IMF .7 — A real variab le equal to the time dur ation between

the impact of the last volley and the FO’ s termination of the

ml s S I on .

X X - A real v u r ia b le  representing the di f f e r en c e be tw een th e X

coordi nates of the firi ng uni t and the target.

YY - -A real var iable representing the di fference between the Y

coordi nates of the H ring unit and t he tarqe t.
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W ITHIN .TOLERANCE - -A real variable equa l to the radial error

between the adjusting round’ s impact poin t and the location of

the target (or 999 if no vehicles in the cluster are aliv e).

TIME - A real variable equal to the total time duration from

a vo l le y ’s i mpact to the next volley being fi red .

ESTI~IATE.OF~TIME — A real variabl e equal to the estimated

time between the last round in adjustment and the impact of the

fi rst volley in FFE.

Coding and Orief Explanation

1 UPON ARTY .IMPACT( ID.BTRY ,ID.FDC ,ID.F Q ,ID.MISSI QN)

2 DEFINE I,ID. OTRY ,ID.FDC ,ID.FO AND ID.MISSION AS

3 INTEGER VARIABLES

4 DEFINE ANS ,RG ,TIME.1 ,TIME .2,TIt4E.3 ,TIME 4,TIME ,5,TIME.6 ,xx ,yy ,

WI THIN . TOLERANCE ,

5 TIME ,ESTIMATE.OF .TIME AND TIME .7 AS REA L VA RIABLES

6 CALL POSITION.UPDATE (ID.MISSION ,iJ)

7 IF MOW. FIRING( ID MISSION) GE VOLLEY

3 IF DEBUG GE I

~ SKIP 1 OUTPUT LINE

10 PRINT 2 LINES WITH ID.FO ,1MSN~NAME(I3 .MIS51ON \ ,TtME .y ,

11 ID.BTRY -AND VOLLEYS .TO .FIRE(ID.M ISSION ) — 1 T~lUS

EU * ( ~ ) ARTY IMPACT TIME

1. SKIP 1 OUTPUT LINE

13 A L~4 A Y S

14 G O b  FEE

13 ELSE

PS IF ~UM .ADJ .R0UNDS (I3.MIS S [ON ) = 1

17 LET DEL. 1( ID . MISS ON~ T It 1E~V - ~1fN .TIME(IO MISSION)
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18 ALWAYS

19 rF NUM.ADJ .ROUNDS(ID ,MISSION ) = 2

20 LET DEL.2(ID.MISSION ) TIME.V - OEL.2(ID.MISSION )

21 ALWAYS

22 SC~1EDULE AN OPEN .RADIO.NET(MY .RADIO(ID.FO)) IN 5 UN ITS

23 SCIEDULE A BUSY.RADIO.NET(MY.RADIO(ID .FO)) NOW

24 CALL ERROR(ID.BTRY ,ID~FDC ,ID,FO ,ID.MISSION ) YIELDING WITHIN .

TOLERANCE

25 IF ERROR.COOE( ID .MISSION) = 5

26 RETTJRN ELSE

27 IF NUM .ADJ .ROUNDS (IDJIISSION ) = 1

28 LET RD.1 .ERROR ( ID .M ISSION) = WITHIN,TOLERANCE

29 JUMP AHEAD

30 ELSE ‘I

31 LET RD.2.ERROR (tD.MISSIOM ) = W ITH IN.TOLERA NCE

32 HERE

33 IF  DEBUG G E 1

34 SKIP 1 OUTPUT LINE

35 START NEW LINE

36 PRINT 2 LINES WITh ID,FO ,MSN. NAME ( ID.MISSION), T I ME ,V,

37 ID.BTRY ,NUM .ACJ.ROUND S (ID.MISSION ) AND

38 WITHIN.TOLERANCE THUS

FO * ( ** ) ARTY IMPACT TIME =

39 SKIP 1 OUTPUT LINE

40 ALWAYS

41 LET XX = X .C U R 4( ID . M I SS IO N ) — X.CUR 1( I D , BTRY)

42 LET YY Y.CUR4(ID.MISSION ) - Y~ CUR1(ID .BTRY )

43 LET THE TA(ID.MISSION) = A RCTAN . F(YY ,XX )

84



44 CALL DIST (X.CUR1(ID.BTRY ),Y CUR1( ID .BTRY),X .FUTURE.LOC

45 (ID.MISSION), Y .FUTURE .LOC (ID.MISSION)) YIELDING RG

46 LET GT. F I NAL.RG ( I D .MISS ION ) = RG

47 LET NI2 M .DPICM .LEFT (I D.BTRY) NUM.DPICM.LEFT( ID.BTRY ) - 1

48 IF W ITH IN.TOLERANCE LE MISS. TOLER A NCE

49 [F DEBUG GE 1

50 SKIP 1 OUTPUT LINE

51 PRINT 1 LINE W ITH ID.FO ,MSN, NAME (I D ,M ISS IO N ) A ND TIME.V THUS

EU * ** ) ENTERING FFE ~ TIME

52 SKIP I OUTPUT LINE

53 AL W AYS

54 LET NOW ~ FIRING(ID. MISS IO N ) = VOLLEY

55 LET WH IC H .VO LL EY ( I D .B T RY)  = 1

56 FOR I I TO VOLLEYS.TO.F IRE(ID.MISSION) , DO

57 CALL A RTY.T IME t,6 )  YI ELDING TI ME .1

53 CALL ARTY .T I ME(3~ YIELDING T IME .2

59 CALL A RTY .TIME (7) YIELDING TIME. 3

50 LET T IME = I IME.1  ÷ IIME.2 + TIME . 3

61 S C H E D U L E  A GUNS.F IRING (ID.BTRY ,IJ .FDC ,fl.FO ,ID.MISSION 1 IN

62 TIME + ([-1) * t50 RATE.OF .F RE( ID .BTRY) IN IT S

63 LOOP

64 ‘N EX T 2 ’

65 LET ESTIt4ATE .QF.TIME = ‘0

66 CALL NEW .LOCATION(ID.MISS ION ,ESTIMATE 3F , TIME ,1)

67 RETURN

68 ELSE

6’1 IF NUM.ADJ .ROUNDS(ID.)-IISSION) = 3

70 LET ERROR .COOE (ID .MISSION ) 7
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71 SCHEDULE AN END.OF MISS IO N(I D. BTRY IID.FDC ,ID.FO ,ID.MISS ION) NOW

72 RETURN

73 ELSE

74 LET ESIMATE.OF.TIME = 78

75 CALL NEW .LOCAT IO N(I D.MISS IO N ,ESTIMATE .OF.TIME ,1)

76 LET DEL.2(ID.MISSION ) = TIME.V

77 LET NUM .ADJ.ROUNDS (ID.MISSION) = NUM.ADJ .ROUNDS(ID .MISSION ) + 1

78 CALL ARTY.TIME(6) YIELDING TIME .4

79 CALL ARTY .T IME(3) YIELDING T IME .5

80 CALL A RT Y.T I ME ( 7 )  YIELDING TIME., 6

81 LET TIME T IME. 4 + T IME. 5 + TIME~6

32 SCHEDULE A GUNS.FIRING (ID.3TRY ,ID.FDC ,ID.F0 ,ID.M ISS IO N ) IN

83 TIME UNITS

84 RETURN

85 ‘FEE ’

86 CALL ASSESSMENT (ID.BTRY ,ID.FDC, ID. F0 ,ID .MISSION )

9~ LET VOLLEY S .TO .FIRE(ID.MISSION) = VOLLEY S .T O .F I RE( I D . MI SSION ) - 1

88 IF VOLLEYS .TO.F I RE( ID.MISS IO N )

89 CALL A RTY .TIME( 0) YIELDING TIME .,7

90 SCHEDULE AN END .OF .MISSI0N(ID .BTRY .ID. FnC ,ID .FO ,ID .MISS ION~ IN

TIME .7 UNITS

9’. LET NOW. FIRING (ID.M ISSION) = 0

92 CALL D I S T (X . C U R4 ( I D . M ISS IO N) , Y .CUR 4 ( ID. M ISS ION~ ,X.CURRENT(POINT I NG .

TO (ID . FO)
)3 Y .CURRENT( POINTING .rfl ([D.FO))) YIEL 9 [NG ANS

34 LET LAST .F 0.RG( ID .M ISS ION ) A NS

15 CALL D I S T ( X . C U R 4 ( I D .M ISS ION) , Y. CUR 4( ID ~,1ISSIO N ’ ,X.C U R 1( 1D.3TRv ’~,

96 Y.CIJR1 (ID .BTRY)) YIELDING RG
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97 LET GT .FINAL.RG (ID.MISSION ) RG

98 RETURN ELSE

99 LET ESTIMATE~QF.T1ME = 60/RATE.OF.FIRE (ID.BTRY)

100 CALL NEW .LOCATION (tO.MISSION ,EST [MATE.OF .TIME ,2)

101 RETURN END

Lines 1—5 de fi ne the event and the local variables .

Line 6 updates the position of the cluster centroid.

Lines 7—1 5 check if the mission is in the FFE phase . If not , con trol

trans fers to line 85 after checking a print option .

Lines 16—21 update attributes of MISSION with the appropriate elapsed

time .

Lines 2. -23 schedule the events that simulate a radi o transmission.

L i nes 24-26 deteni~ine the radial error of the adj usting round. If

ERROR.CODE equals 5 (no live vehicles left in the cluster), control is

returned to the system timer.

Li nes 27_ 32 update attri bute OfMISSION with the rad ial miss distance.

Lines 33—40 are a print option.

Lines 41-43 update the valu e of THETA .

Lines 44-47 calculate range from the firing unit to the target and

update the ammunition count.

Lines 48—68 check if the radial erro r is less than a user i nput value .

If so , a pri nt option is checked and the m ission goes i nto the FFE phase .

Each volley to be fired is scheduled , The future location of the target

is estimated and control is returned to the system timer.

Lines 61—73 check whether the adjusting round count is three. If sO ,

the mission is terminated and cont ro l is returned to the system timer.

Lines 74—04 update attributes of the MiSSI ON , schedule the firing o~

the next adjusting round , and return contro l to the system time r .

- 
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L ine 85 is a continuat ion line.

L ine 86 calls the damage assessment routine .

Line 87 updates the count of the volleys left to fi re ,

L i nes 83—98 chec k if the volley is the last required . If so , the

miss ion Is termi nated , ran ges to the target from the FO and the fi ri ng

un i t are upda ted , an d control is returned to the system timer.

Lines 99-100 upda te the future estimated location of the target .

Line 101 returns contro l to the system timer.

14. Even t END.OF.MISSION

Descri ption

Even t END.OF.MISSION termi nates a fi re m ission , updates

attri butes of entities , and checks if any missions are waiti ng

for the fi ring unit just released . If so , the event ini tiates

the firing of the waiting mission. Otherwise , the fi ring uni t

reverts to idle status , Even t END.OF.MISS ION is scheduled by

rou ti ne ERROR , event FDC.PROCESS ING , and event ARTY .I MPAC T .

I t schedules event FO ,NOT .BUS Y , even t OPEN ,RADIO.NET . and event

GUNS .FIRING . I t calls routi nes ARTY,TIME and ~1EW .LQCATiON .

Loca l V a r i a b l e s

ID .BTRY - An integer variabl e representing the firing un i t ,

ID.FDC — An i nteger variabl e representi ng the FDC .

ID.i-IISSION - An integer variable representi ng the mission

being fired.

E S TI ? IA T E . i JF .T IM E  - A real variable equal to the estimate

of time that themission was delayed ..

TIME - A rea l variabl e equal to the time duration from the

time the FOC sent the -n i ss ion to the firi ng unit unti l the time

the rounds were fi red .

Os

—- -~~~ - -I --



Coding and Brief Exp lana ti on 
—

1 UPON END .OF .MISSION ([D.BTRY ,ID .FDC ,ID .FO , ID. MISSI O N)

2 DEFINE ID.BTRY , ID.FDC , ID. FO AND ID .MISSIQN AS INTEGER VARIABLES ‘ 
-

3 DEFINE EST IMATE.OF.TIME AND TIME AS REAL VARIABLES

4 IF DEBUG GE 1

5 SKIP 1 OUTPUT LINE

6 STA RT NEW LINE

• PRINT 2 LINES W ITh ID.FO ,MSN .NAME(ID.MISSION),TIME.V AND r

0 ID.DTRY THu S

FO * ** END OF MISSION TIME = ***~~~~.

3T~ Y *

-
~ SK IP 1 OUTPUT LINE

‘.0 AL~ AYS

11 LET ~HICH.VOLLEY (ID.3TRY~ = 0

12 LET AMT .MSNS .FIRED (ID~ FO~ AMT.MSNS.F IRED(IJ.FO ) ÷ 1

1 0 SCHEDULE AN OPEN .RADIO .NET(MY .RAD I0 (ID. FO~~ NOW

‘.4 REI’IOVE ID .MISSION FROM KOLOING .MSNS

15 IF LABEL~JD MISSIO N~ = I

15 REMOVE ID .MI SSION FROM HOw’.T:ER.~ UEuE(ID 37RY u

AL .~AYS

O LET MSN.TIME (iJ.MISS [ON~ = TIME ..V — MSN .T ME (ID.MI SS ICN )

19 FILE ID. MISSION IN MSN .~ UEUE

20 LET NO .MSNS.F I~ EDç~ D. BT RY ) NO.MS NS .~ R’ .EDcID .~ TRY~

2’. LET .AMT .ACTIVE .MSNS~~ J.F0~

22 AMT .ACT VE .MSNSJD .FO~ - I

20 IF ~uEuE.sI:E (ID .BTRv ) GT 2

24 FOR EA CH ~ISS:ON IN -
~2wIT::~ .QuEuE~ :r.37~Y ’ ~I7H OT ~MI0S :CN ) =

ID. 3TRY , 00

L _  _ _ _ _
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25 GO TO OUT

26 LOOP

27 ‘OUT ’

28 IF DEBUG GE 1

29 SKIP 1 OUTPUT LINE

30 START NEW LINE

31 PRINT 2 LINES WITH FIST(MISSION),tISN,NAME(MISSION),

32 TIME.V AND ID.BTRY THUS

FO * ( ** ) LEAVING QUEUE TIME =

BTRY *

33 SKIP 1 OUTPUT LINE

34 ALWAYS

35 LET QUEUE ,TIME(MISSION) TIME.V — QUEIJE.TIME(MISSION)

36 LET MSN.TIME(MISSION) = TIME.V

37 LET Q UE UE.S IZE( ID,BTRY) = QUEUE.SIZE( ID.BT RY) — I

38 CALL ARTY,TIME(5) YIELDING TIME

39 SCHEDULE A GUNS ..FIRING (ID.BTR Y ,ID.FDC ,FIST(F4ISSION),MISSI O N )

40 I N  TIME UN ITS

41 LET ESTIMATE.OF.TIME = QUEUE.TIME(ID.MISS ION) 
- 

-

42 CALL NEW .LOCATION(MISSION ,ESTIMATE .OF TIME ,2)

43 LET ST.FIRING(ID.BTRY) = TIME.V

44 LET NUM,ADJ.ROUNDS(M ISSION) = 1

45 IF FIST(MISSION) NE ID.FO

46 THEN

47 IF Ar4T.ACTIVE.MSNS(ID.FO ) = a

48 SCHEDULE A FO .NOT . BUSY( ID .FO ) NOW

49 ALWAYS

50 RETURN

90 
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51 ELSE

52 LET STATE1 (ID.BTRY) 0

53 LET ST.FIRING(ID.BTRY) a

54 RETURN END

Lines 1-3 defI ne the event and the local variables .

Lines 4—10 are a print option.

Lines 11-1 3 update attri butes of the firing unit and FO. The radio

net becomes id le.

Line 14 removes the completed mission from the set of current missions .

Lines 15— 17 check if the old mission had waited in a queue . If so ,

it was taken out of HOW ITZER.QUEUE .

Line 18 calculates the elapsed time of the mission ,

Line 19 places the completed mission in the completed mission set.

Lines 20— 22 update attri butes of the firi ng unit and the FO.

Lines 23—27 check if a mission is waiting to be fi red by the firing

un it just released. If so , a mission is selected from the queue of wait-

ing mi ss i ons.

Lines 28—34 are a pri nt option .

Lines 35—37 update attri butes of the completed mission and the released

fi ri ng unit.

Lines 38—40 schedule the firi ng of the fi rst adjusting round in the

new mission.

Li nes 41-42 update the estimate of the target’s fu ture loca ti on.

Lines 43—44 update attri butes of the firing unit and the new mission .

Li nes 45—51 check if the FO of the new mission is di fferent from the

old mi ss i on ’ s FO . If so , the old missio n s FO becomes idle if he has no

more missions to fi re . Con trol i s re turne d to the system ti mer .
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Lines 52-53 update the attributes of the firing uni t if there are

no missions to be fi red.

Line 54 returns contro l to the system timer ,

15. Rou ti ne DOING~CLUSTERS

Descr i pt ion

Rou ti ne DOING.CLUSTERS simulates the clustering operation of

the ED. Detected vehicles are grouped and given priorities. The

cluster with the hi ghest nonzero priori ty is used as the target

for a new mi ssion. Routine DOING.CLUSTERS is called by event

UPDATE.CLUSTERS . It calls routines DIST and LOC.

Loca l Variabl es

I ,J.L — Integer variables used as do loop counters .

ID. FO — An intege r var iab le  representi ng the FO.

TOTAL.CLUSTERS - An integer variable equal to the tota l

num ber of clusters that are formed .

SIZE — An integer variable equal to the number of vehicles

that the ED has detected.

TANK - An integer variabl e representi ng a detected veh ic le .

NAME . PR IOR ITY - An integer var iab le  representing the

cluster with the highest priority .

A NGLE — A real var iable equal to the direct ion ~f toe

clus ter from the FO’ s position.

DIR - A real variable equal to the direction of movement of

the cluster prior to update wi th a new veh i c le , from th e FO ’ s

posi tion.

N — A real variable equal to the number of vehicles in the

cluster prior to its update.

9,2
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PRI.VALUE - A real variable equa l to the priori ty of the

most important clus ter.

X - A real variabl e equal to the X component of the velocity

vec tor of the cluster being updated.

Y - A real variable equal to the Y component of the velocity

vector of the cluster being updated.

B — A real variabl e equal to the range in meters from the

FO to the cluster centroid.

S — A real var iable equal to the speed i n me ters per secon d

of the cluster prior to upda te.

Codi ng and Br ief  Explanat ion

1 ROUTINE DOING.CLUSTERS (ID.FO ) YIELDING NAME .PRIORITY ,PRI.VALUE AND

2 TOT A L.CLUSTERS

3 DEFINE I,J AND L AS INTE (~ER VARIABLES

4 DEFINE ID.FO , TANK AND NAME .PRIORITY AS INTEGER VAR I ABLES

5 DEFINE TOTAL .CLUSTERS AS AN INTEGER VARIABLE

6 DEFINE SIZE AS AN INTEGER VARIABLE

7 DEFINE ANGLE ,DIR ,N ,PRI .VALUE ,X ,B ,X AND Y AS REA L VARIABLES

3 FOR I = 1 TO 30, DO

9 FOR J = 1 TO 3, DO

10 LET CLUSTERS (I ,J ,ID.FO ) = 0

11 LOOP

12 REPEA T

13 LET LIST(*~ = TARGET (NAME (POINTING .TO(ID.FO)),1)

14 iF LIST(1) = 0 GO TO OUT .OF .LOOP ELSE

15 LET SIZE = DIr1.F(LIST(*~)

16 FOR L = I TO SIZE . DO

17 FOR TANK = LIST(L)
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13 IF ALIVE.DEAD(~ ANK) = 1

10 03 TO NEXT

20 ELSE

21 CALL LOC(TANK )

22 LET C.NUF IBER.ARRA Y (NAME (TAN K)—B .NUM.ALIVE ,ID.FO ,STATE4(ID.FO)) = a

23 IF TOTAL.CLUSTERS = 0

24 LET C.NUMBER .ARRAY(N 1AME(TANK)-B .NUM .ALIVE ,ID.FO ,STATE 4( I D.FO ))  = 1

25 LET CLUSTERS(1 ,1 ,ID.F0 ) = 1

26 LET TOTA L~CLUST F~ S = 1

27 LET CLUSTERS (’.,3,I2.FO ) = X.CURRENT(T ANK)

28 LET CLUSTE RS ( 1 .4,I 2.FO) = Y .~ URRENT(TANK)

29 LET CLUSTE RS(1 ,5,ID. FO) = S PD ( T A NK )

30 LET C L USTERS( 1 ,6,ID.FO ) = 31 R .O F .MVMT (TANK)

31 LET CLUSTERS (1,7,I3 .FO ) = X .CURRE NT~TA NK~
32 LET CLU STE RS( 1 ,3,ID .FO ) = Y.CURRENT (TAN K)

33 GO TO NEXT

34 ELSE

35 FOR I = 1 TO TOTAL.CLJSTERS , 20

36 iF ,AB S.F(X .CURRENT (TANK~-CLUSTERS(: ,7,I3.F O ) )  LT BOX.

TOL ERANCE

37 THEN

38 IF A BS .F(Y .CURRE NT(~ A~ K)_CLUSTE7S~ I ,S,I2 .FO )) LT BOX.

TOLERANCE

09 LET cLusTERs(I ,1 ,:o F3~ = :LJs—ERs (I ,:,Io.~ o) ~ I

40 LET CLusTERs (I ,3,:o .Fo ) = ((:LUSTERS(: ,3 ,I2.FO)*~CLJ STERS

(I ,1 ,ID .FO)-1))

41 + X .C’JRRENT (T,A~1K)) /CLUSTERS (I,1 , ID.FO )

12 LET CLUSTE~S(I,4,ID.FO ) = ((CLUSTERS(1, 4,ID.FO )*(CLIJSTERS

—J



(I ,1 ,ID.FO)-1)

43 + Y .CURRE NT(TANK)) /CLUSTE RS( I ,1 ,ID.FO )

44 LET C. NUMBER 0ARRAY(NA M E (TANK)-B .NUM .A LIVE ,ID.FO ,STA TE4 ( ID . FO) )

45 LET N = CLUSTERS(I ,1 ,ID.FO)-1

46 LET S = CLUSTERS(I ,5,ID.FO )

47 LET DIR = CLU STERS ( I ,6 ,ID.FO )

48 LET X = ((N*S*cOS.F(DIR))+ (SPD(TANK)*COS,F (DIR .OF.MvMT (TANK))))/

(N+1)

49 LET Y =( (N*S*SIN,F (DIR) )+ (SPD(TANK)*SIN.r (Dfl .OF,MVriT(TANKfl));
(N+1)

50 LET CLUSTERS (I,5,I3.FO~ 
= SQRT .F (x **2 ~ y*~~ )

51 IF X = 0

52 THEN IF Y = 0

33 LET ANGLE = 0

54 GO TO ANGLE

55 ELS E

56 LET ANGL E = ARCT A N.F(Y ,X )

57 ‘ANGLE ’

53 LET CLUSTERS ( , 6 ,ID.FO ) = ANGLE

33 GO TO NEXT

60 ELSE

61 ‘F IRST

52 ‘ LOOPl’

63 LOOP

64 IF c.NuMBER .ARRAY (NArlE (TANK )—B .Nur1 .~AL :vE ,I2.Fo ,sTATE 4(:2.Fo) =

65 LET TOTAL .CLUSTERS = TOTALCLUSTERS +

66 LET C .N’JMDER .ARRAY(NAME(TANK)-B .NUM. .ALIVE, :D. F0.STATE4 ( ID . FO)

TO TA L . CL Li S I ER S

95
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1.
67 LET CLUSTERS(TOTAL.CLUSTERS,11 1D.FO) = 1

68 LET CLUSTERS(TOTAL.CLUSTERS ,3,ID.FO) = X.CURRENT(TANK)

69 LET CLUSTERS (TOTAL.CLUSTERS,4,ID.FO) = Y.CURRENT(TANK)

70 LET CLUSTERS(TOTAL.CLUSTERS,5,ID.FO) = SPD(TANK)

71 LET CLUSTERS(TOTAL.CLUSTERS,6,ID.FO) = DIR.OF.MVMT(TANK)

72 LET CLUSTERS(TOTAL.CLUSTERS I7,ID.FO) = X.CURRENT(TANK)

73 LET CLUSTERS(TOTAL.CLUSTERS ,8,ID.F0) = Y,CURRENT(TANK)

74 ALWAYS

75 ‘NEXT ’

76 R EPEA T

77 FOR I = 1 TOTAL .CLUSTERS , DO

73 IF CLUSTERS(I ,1,ID.F0) GE 3

79 CALL DIST(CLUSTERS(I,3,ID.FO),CLUSTERS( I ,4,ID.FO),X~CURRENT

(POINTING.TO(ID .FO)),

80 Y.CURRENT(POINTING.TO(ID.FO))) YIELDING B

81 IF B LT FO.MIN.RANGE OR B GI FO ,MAX .RANGE GO TO LOOP ALWAYS

82 LET ~LUSTERS(I,2,ID.FO) = CLUSTERS(I,1,ID.FO) * 1000/B

83 THEN

84 IF CLUSTERS(I ,2,ID.FO ) GT PRI.VALUE

85 LET NAME.PRIORITY

86 LET PRI.VALUE = CLUSTERS(I ,2,ID~FO)

87 ALWAYS

88 ‘LOOP ’

89 LOOP

90 IF DEBUG GE 5

91 SKIP 1 OUTPUT LINE

92 PRINT 2 LINES WITH ID.FO THUS

CLUSTER ARRAY FOR FO# *

96



NUll PR! X Y SPO DIR XF IR YFIR

93 FOR 1 1 TO 20 , DO

94 P R I N T  1 L I N E W I TH I, CLUSTERS( I, 1,ID. FO) ,CLUST ERS( I .2 .ID. FO)I

95 CLUST ER S( 1,3 ,ID.FO) , CL USTERS (I ,4 ,ID.FO ),CL U STERS ( I ,5 ,ID.FO )I

36 CLUST ERS(I, 6 ,ID.FO) , CLUSTE RS( I ,7 1 1D.FO) , AND CLUSTERS

(I ,8,ID.FO ) THUS

** ****. ****. * ****. ****. **** a **** . **** . **** .

97 LJOP

98 ALWAYS

99 ‘OUT.OF.LOOP’

100 LET LIST (*) 0

U t  RETURN ENI)

LInes 1-7 defI ne the routi ne and local variab les .

L i nes ~~12 f n~t 1af lz e va l ues of the array called CLUSTERS to zero .

L i nes 13— 17 search through the FO’s list of detected targets .

Lines 18— 20 Lheck if a detected veh icle was previous ly destroyed.

If so , con trol transfers to line 78,

Line 21 updates location of detected vehicle.

Line 22 Initializes to zero the ven icle ’s representation In the a rray

cal le d C.NUIIBER .ARRA Y .

Li nes 23-34 check whether there are any clusters currentl y des i gnated.

If not , the f irst cl uster Is formed wi th the character ist ics of the first

detected vehicle. Contro l is trans ferred to line 7S .

L i nes 35—44 screen all clusters to determi ne If the detected veh icl e

lies in any of them. If so, the cluster ’s characteristi cs are updated.

L i nes 45—~(l update the velocity vecto r of the cluster .

Lines 51-57 compute the new direction of the cluster anti control

trans fers to line 78.



Lines 61-61 are cont i nuation labels .

Lines 64— 74 check whether the vehicle fell within an existing clus ter.

Line 75 Is a continuation labe l .

Lines 77—89 calculate the priority of each cluster .

Lines 90-98 are pri nt options .

Line 99 Is a continuation labe l .

Line 100 releases the FO’s l ist.

L ine 101 returns control to the system timer .

16. Routine ASSESSMENT

Descri ption

Routi ne ASSESSMENT calcula tes the I ndi vi dua l round’ s i mpact

poi nt. A ll Red vehicles are then checked to determi ne which lie

w ithi n a 300 meter by 300 meter s quare screen i ng box , wi th the

i nput point at Its center. If a vehicle lies within the screen—

• I n’) box , the distance between the vehicle and the impact point

is determi ned. If this di fference is less than a ‘iven i nput

value , the di fference is compared to a lethal radius . If the

di fference is less than a jiven letha l radius , dama ge i s assesse d

at that l evel. This routine is called by event ARIY.IMPACT. Al l

errors are measured in mete rs. It calls routines DIST~L0C ,NEW .

COORDINATE .SYSTE M ,PARAMETERS , and TALLY.HI1 .STATE.

Local Var iables

I and A - Intege r variables used as do loop counters .

ID.BTRY - An integer vari able representi ng the fi ring unit.

ID.FDC - An integer variable representintj the FOC .

ID.F0 — An integer variable representing the FO.

ID.MISSION - An integer variable representing the mission

being fired.

98
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DIFFERENCE — A real variabl e equal to the radial miss distance

between an indi vi dua l round’ s impact point and a vehicle ’ s location ,

SIG.X - A real variable equa l to the standard deviation of

range dispersion , measured In the gun target coordi nate system.

SIG.Y - A real variable equal to the standa rd deviation of

deflection dispersion , measured in the gun target coordi na te sys tem.

X.ERROR — A real variabl e equa l to the range dispersion In

meters for the mean point of impact (MP I) of the vol ley , measured

I n the gun target coordi nate system .

Y.ERROR - A real variable equa l to the deflection dispersion

in meters for the MPI of the volley , measured in the gun target

coordinate system.

X.CHANGE - A real vari able equal to the range dispersion of

the MPI , measured in the battlefield coordi nate system.

Y.CHANGE - A real variable equal to the deflection di spersion

of the MPI , measured in the battlefield coordi nate system .

X .NORIIAL .ERROR — A real variable eq ua l to the range dispe r-

sion for an i ndividual round , measured in the gun target co-

ordi na te system .

Y.NORMAL.ERROR - A real variable equa l to the deflection di s-

pers i on for an indi vi dual round , measured in the gun target co-

ordinate system .

XNEW - A real variable equal to the X disp lacement of an in-

dividual wea pon , measured I n  the battlefield coordi nate system.

YNEW - A real variabl e equal to the V displacement of an In-

dividua l weapon , measured in the battlefiel d coord inate system .

XD!F - A real variable equa l to the range dispersion for an

Individual round, measured in the battl e field coordi nate system .

99
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XDIF — A real variable equa l to the deflection dispersion

for an i ndividual round , measured in the battlefield coordinate

system .

P1 - A real variable equa l to the probability of an f-kill.

P2 — A real variable equal to the probability of an rn—kill.

P3 - A real variable equa l to the probability of a k—kill.

Codi ng and Brief Explanation

1 ROUTINE ASSESSIIENT(ID.BTRY ,ID.FDC ,ID.FO ,ID.MISSION)

2 DEFINE I ,ID.BTRY ,ID..FDC ,ID.FO ,ID.tIISSION ,

3 AND A AS INTEGER VARIABLES

4 DEFINE DIFFERENCE ,SIG.Y ,X.ERROR ,XDIF ,V.CHANGE ,Y .NORMAL .ERROR ,

5 YNEU,SIG.X ,X.CHANGE ,X.NORMAL .ERROR ,XNEW ,Y.ERROR ,

6 P1,P2 ,P3 AND YDIF AS REAL VAR IABLES

7 RESERVE RD.OFFSET(*,*) AS LARGEST ,NUM .tIPNS BY 2

8 CALL PARAPIETERS(2,A .MMUNITION.TYPE (ID.MISSION),CAL IBER( ID.BTRY ) ,

9 GT .FINAL.RG(ID.MISSION)) YIELDING SIG.X AND SIG. Y

10 LET X.ERROR = NORMAL.F(O ,SIG.x ,RN.STREAM )

11 LET Y.ERROR = NORMAL.F(0,SIG.Y ,RN.STREAM) H
12 CALL NEW .COORDINATE .SYSTEM(X.ERROR ,V,ERROR ,

13 THETA(ID.MISSION)) YIELDING X .CHANGE AND Y~CHANGE H

14 LET X.MPI (ID,MISSION ) = X.CHANGE + X.FUTIJRE,.LOC(ID.MISSION )

15 LET Y.MP!(ID.MISSION) Y.CHANGE + Y.FUTURE .LOC(ID.?IISSION )

16 FOR I 1 10 NUM .GUNS(ID.BTRY), DO

17 CALL NEW .COORDINATE.SYSTEM (DISPLACEMENT(I,1,ID.BTRY) ,

13 DISPLAICEMENT( I,2,ID.BTRY ),THETA (ID.MISSION)) YIELDING

19 XNEW AND YNEW

20 CALL PARAIIETERS(1 ,AMMIJNITION.TYPE (ID.MISSION),CALIBER(ID .BTRY) ,

21 GT.FINAL.RG (ID.~1ISSION)) YIELDING SIG.X AND SIG. Y

100



22 LET X.NORMAL.ERROR a r1ORMAL.F(O ,SIG,x ,RN.STREAII)

23 LET Y.NORMAL.ERROR NORMA L.F(O ,S IG.X ,RN .SIREAM )

24 CALL NEW.COOR DINATE.SYSTEM(X .NORMA L.ERROR ,Y.NORMA L.ERROR ,

THETA( ID.MISS ION))

25 YIELDING XD!F AND YDIF

26 LET RD.OFFSET(I,1) X~MPI(ID.MISSION) + XNEW + X D I F

27 LET RD.OFFSET(I ,2) a Y .MPI( ID. MISSION ) + YNEW + Y DIF

28 LOOP

29 IF APIMUNITION.TYPE(ID.MISSION ) 1

30 LET NUM.DPICM.LEFT(ID.BTRY) a NUM.DPICM.LEFT(ID.BTRY) - NUII..GUNS

(ID.BTRY)

31 GO TO NEXT

32 ELSE

33 LET NUM.HE~LEFT(I D..3T RY) NUM .HE. LEFT(I D. BTRV ) - NUN.GUNS( ID.BTRY)

34 ‘NEXT ’

35 FOR EACH TANK IN RED.AL IVE , DO

36 CALL LOC ( TANK )

37 IF A BS. F(X .C URRE NT(TA NK) - X.MPI (ID.MISSION)) LI 300

38 THEN IF ABS.F(Y.CURRENT (TAIIK) — Y .MPI (ID,MISSION ) LI 300

39 IF DEBUG GE 1

40 PRINT 1 LINE WITH NAME(TANK) THUS 

TANK # ~~~ WAS FIRED ON

41 ALWAYS

42 FOR ~ 
a 1 10 NUII.GUNS(ID.BTRY), DO

43 CALL DIST (X .CURRENT (TA NK) ,Y.C URR ENT (TANK) ,RD.OF FSET ( I , 1) ,

RD.OFFSET(!,2 ) )

44 YI ELDING DIFFERENCE

45 THEN IF DIFFERENCE LE D.RAD IUS
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46 LET AMT.OF.HITS(ID.MISS ION) = A MT .0F~HITS( ID.MISSI0N ) + 1

47 IF DEBUG GE 1

48 PRINT 1 LINE WITH I ,DIFFERENCE AND NAME(TANK) THUS

RD# ** LANDED ~~~~~~. METERS FROM TANK# ~~

49 ALWAYS

50 F O R A = 1 T 0  3, DO

51 IF DIFFERENCE LE LETHAL.RAD IUS.ARRAY(CA LIBER( ID.BTRY ),

52 WPN.T Y PE(TA NK) ,AMMUNITION.TYPE( I0.MISSION) ,A)

53 GO TO OUT1,OUT2 ,0U13 PER A

54 ELSE

55 GO TO LOOP2

56 ‘OUTi ’

57 LET P 3 = 1

58 GO TO LOOP1

59 ‘OUT2’

60 LET P2 = 1

61 GO TO LOOP 1

62 ‘OUT3’

63 LET P1 = 1

64 ‘LOOPl’

65 CALL ATR IT(TANK ,TANK ,P1,P2 ,P3 ,1)

66 CALL TALLY. HIT.STATE(TANK ,DAMAGE.NUM )

67 IF DAMAGE.NUM a5

68 LET AL IVE. OEAD (TANK) = 1

69 LET FOE(TA NK) = C

71) LET HIT .STATE (TANK) “ FA “

71 LET LEVEL .OF.DAMAGE( ID.MISSION) LEVEL.OF .DAMAGE(ID.MISSION ) + 1

72 START NEW LINE

L1. ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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73 WR ITE

74 NCASE , GUNTUBE , APIMUNITION.TYP E(ID.MISSION), NA?IE(TANK) ,

75 CALIBER(ID.BTRY),TIME.V.

76 X.CURRENT(TANK),Y.CURRENT(TANK),Z.CURRENT(TANK),SPD(TANK ) ,

77 DEFNUM(TANK),HIT.STATE(TANK)M.D(TANK),F.D (TANK),MKILL(TANK),

78 FKILL (TANK),MFKILL(TANK),

79 KKILL(TANK) ,K.HIT(TANK) ,FIRED.AT(TANK)

80 AND NUM.HIT(TANK) AS

81 I 2 , I 3,”ARTY ” , S 8,

82 3 I 4, I 5 , S 20 , S 7 , 3 I 5, 0(4 ,1), I 3, S 11,

83 S 1, A 4, 2 0(5,2), 2 I 2, 5 r 3

84 ALWAYS

85 IF P3 = 1 GO TO OUT4 ELSE

86 ‘LOOP2’

87 LOOP

88 ‘ OUT4 ’

89 ALWAYS

90 LOOP

91 REPEAT

92 RELEASE R3.OFFSET(*,*)

93 RETURN END

Lines 1—6 defi ne the routi ne and the local vari abl es .

Line 7 reserve array storage .

Lines 8—9 determi ne the standard deviations for the MPI dispersion

errors .

Lines 10—11 generate the dispersion errors for range and defl ection ,

measured in the gun target coordi nate system.
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Lines 12-13 change the dispers i on errors into the battlefield coordi-

nate system .

Lines 14—15 apply the dispers ion errors to the estimated l ocation oP

the clus ter (the planned i mpact for the volley ) to determi ne the achieved

MPI.

L ines 16—28 displace each round from the MPI in accorda nce with its

planne d displacement and dispersion errors . The displacement from firing

unit center and the dispersion errors are both translated into the battle-

field coordinate system .

Lines 2’~-34 update the ammunition count.

Lines 35—38 screen each ~ed veh ic le .  If it les wi th in  the screening

rectang le, it is tested further.

Lines 39-41 are a print option .

Lines 4 2-43 determi ne t~ie n is s  distance between each round’ s impact

point and the vehic le ’ s locat ion .

Lines 45 —46 chec k if the iiss distance is less than or equa l to a

user input value. If so , an attr i bute is incremented by one and the rni ss

di stanc e i s checked further .

Lines 4~-49 are a pri nt option .

Lines 50-66 check the dist~nce detert~ined earlier against three lethal

radi i . If the distance is less than a jiven letha l radius , the appro—

priate probability of damage is given the value of ~ne and the assessmen t

an d bookkeeping routines are cal led .

L ines 67—~l check if the ~ed vehic le is k— killed . I f so, attri butes

are updated .

Lines 71—83 print out appropriate info rmation on the dariage that

occurred.
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Line S5 checks if the damage was a k- kill . I f  so , no ~ore checks

are made.

L ine 92 releases array storage .

Line 93 returns contro l to the calling event.

17 . ~outine ERROR

Description

Rou tine ERROR calculates the distance between an adjust in g

round and the target. The routine generates the error in range

and deflection based on the relative position of the f i rin.j unit

and the target ~gun target coordinate s y s~ em ’)~ A conversion is

then made to the battlefield coordinate system . The round’ s

impact point i s  the estimated location ~f the targe t ~ai ;nin g

point given the FDC ) wi th dispers i on errors applied. If all

vehicles are des troyed before the time j f  the adjust ing round’ s

impact ~usua lly due to di rec t fire weapons ’, a value of 5 i s

g iven~ to ERROR.C OD E and ~)99 is returned as an argument. Otherwise,

the radial miss dist ance ‘s returned as an argument. ~outine E~i~ ’R

is called by event AR~Y.IMPACT and schedules event ~~0.0F.MI~ S 0N.

It ca l ls routines DIST . POS ITI0 N .JP~1ATE. and ~ARA MET E~S.

Loca l Var i a b les

ANS — A real vari ab le equal to the distance between adjusting

round and the target.

- A rea l variable equa l to the standard devi ation para-

‘neter for the norma l distri bution of range dispersion ‘~or a s ii~ le

round ~.prec ision ~ .

SIG.Y - A real variable equal to t!1e standard ieviat~on 2ara -

meter for the norma l d istri but Ion of deflection dispersion

( p rec i s i on ’ .
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X .NOR?’.AL.ERROR - ~\ rea l variable equa l to the error in range

in terms of the gun target coordi nate system .

Y. MOR FtA L. ERROR - \ real va : c ab le equa l to the error in

de f lect ion in terms of the gun ta rget coordinate system .

XD I F - A rea l var iab le  equa l to the error in X coordi nates

in terms of the battlefield coordinate system .

YD IF - A rea l variable equal to the error in Y coordinates

11 terms o the battle fi e ld coordina te vstein .

x.IM PACT .POt~ T - A real vari ab~e equal to tr~e ‘c c ’ i~~ r’a~~~

of the adjusting round ’ s imp act po int.

Y . MP.\CT.POINT - A rea~ var~ab le equal t~ ~~e

of tne ad ,,;ustl’N round ’ s nnpact polnt .

~odi n~~ and ~ri ef E\pl an at io n

1 ~0U~ INE ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~

~ JEPl.~E :o.3 lo.Foc ,Io.Fo,:o.~’ s : ~~ ~~~~~~ ~~~ ~

\~~ IA BL ES

3 ~EF NE ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
X ‘4ORMAL.~ RR0R ,

4 V . 1PACT .~ ’1~N ’ AND ~~~ AS ~E,A L .A ~ :A ~ L~ S

5 ~.ALL ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

6 ~T. NAL. J.MISS N~ ’ V :EL ~~~1G s:~ .x AN D SI~ .~’

LET x .NOR ?1AL..E~~0R ‘

~ LET Y. M OR AL. ~~~R N0RMAL .F ,S~~.v ,~ N .ST~EAM ’

~ A L~. ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
( :D.~ :ss: ~ N~

13 V:ELJIN ~ XD :F AND YDIF

11 LET X .~~PA CT .~ i INT X .~~’~~lRE .L OC~ 1D MtS S :,~~ \~~F

l. LET Y .IM PA CT .~OINT V 
~~~~~~~~~~~~~~~~~~~~~~~~~
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13 CALL POS IT ION.UP DATE( ID.M ISS IO N IO)

14 IF X.CUR4( ID.MISSION ) 0

15 THEN IF Y.CUR 3 (ID.MISSION ) = 0

16 LET ERROR .CODE(ID.MISSION) = 5

17 SCHEDUL E AN ENO .OF.NISSION (ID.BTRY ,ID.FDC ,ID.FO ,ID.MISSION ) NOW

18 LET ANS = 999

19 GO TO OUT

20 ELSE

21 CALL DIST(X .CUR4(ID.MISSION ) ,Y.CJR 4(ID.MISSION ) ,X .IMPACT .POINT ,

22 Y .IMPACT .POINT) YIELDING ANS

23 ‘OUT’

24 RETURN END

Lines 1-4 defi ne the routine and the loca l variables .

Li nes 5—6 call the routi ne PAR.11IETERS , returning the appropriate

standard deviation of the norma l distribution describing a round’ s pre-

cision dispersion pattern.

L i nes 7—8 generate normal errors in the X and Y directions .

L i nes ~— 1O transform the no rmal errors in the gun target coordinate

system to errors in the battlefield reference system .

Lines 11— 12 appl y the errors to the aiming point coordi nates .

Line 13 updates the actual location of the cluster centroid.

L ines 14—20 check if the cluster is empty . If so , a value of fi ve i s

gi ven to the attribute ERROR.CODE of MISSION , an argumen t of 999 is re—

turned , and con trol returned to the calling routi ne .

Li nes 21—22 calculate the radial miss distance.

Line 24 returns control to the calling routi ne .
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18. Event RED .ARTY.FIRES

Descri ption

Event RED.ARTY.FIRES assesses the damage to Blue vehicles

that lie within the e ffects pattern of Red p lanned fi res . The

probabilit ies of damage are calculated and routi ne ATR IT is

cal led to asses s damage . Event RED.ARTY .F IRES is scheduled by

FA.2.MA IN and i tself .  It schedules the event ALT. FO and cal ls

routines LOC ,ATRIT , and TALLY.HIT.STATE .

Local Va riab les

ITERATION - An intege r variabl e representi ng the target

number.

I - An integer variabl e used as a do loop counter.

ID.R ED.BTR Y - An integer var iable representi ng the fi ri ng

unit. I
TYP E.AMMO - An integer var iabl e representi ng the type of

ammunition fi red.

P1 - A real variabl e equal to the probabil i ty of an f—ki l l .

P2 — A real variabl e equa l to the probabil i ty of an rn—ki l l .

P3 - A real var iable equal to the probability of a k — k i l l .

RED.2.CONSTA NT - A real variabl e equal to a conversion

f ac tor , use d i n assess i ng the p ro bab i l i ty of  dama ge to a Dra gon

gunn er .

Cod ing and Brief Explanation

UPON RED.ARTY .FIRES(ITERATION ,ID.RED.BTRY)

2 DEFINE ITERATION ,I ,ID.RED.BTRY AND TVPE.AMMO AS INTEGER

3 VARIABLES

4 DEFINE P1 ,P2 ,P3 ,X AND RED.2.CONSTANT AS REAL VARIABLES
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5 FOR I 1 TO SALVOS , DO

6 IF KOUNT(ID.RED.BTRY) 5

7 LET KOUNT(ID.RED.BTRY) = 0

8 LET TYPE.AIIMO = 1

9 LET NtJM.DPICM.LEFT(ID.RED .BTRY) NUM .DPICM.LEFT( ID.RED.BTRY)—

10 NUM.GUNS( ID.RED .BTRY)

11 GO TO N E X T

12 ELSE

13 LET T YPE. A MMO a 2

14 LET N kJ M .HE .LEFT(ID.RED.BTRY) = NUM.HE.LEFT( ID~RED.BTRY)-

15 N UM .G U N S ( I D . R E D . B T R Y )

16 ‘NEXT ’

1~ LET KOUNT (ID.RED .BTRY) KOur~T(ID,RED,.BTRY ) + 1

18 FOR EACH TANK IN BLUE.ALIVE , DO

19 CALL LOC ( TA N K )

0 IF X.CURRENT (TANK) GE RED.PLANNED.F IRES (ITERATION ,1 ,ID.RED.STRY- 3)

*100

21 THEN IF X.CURRE NT (TANK) LI RED.PLANNED~F I R E S ( I T E R A T I O N ,3,ID .RE D .

BTRY_3)* 100

2 THEN IF Y .CURRENT (TANK) GT RED .PLANNED,FHES(ITERAT ION ,4,I D . R E D .

BTRY_ 3)*100

23 THEN IF Y.CURRENT (TANK) LE RED .PLANNED.F IRES( ITERAT ION ,., I D . R E D .

BTRY_3)*100

24 LET RED.2.CONSTANT 1

25 I F  WP N . T Y P E ( T A N K )  = 6

26 THEN IF DEFNUM (TANK) 3

2 7 I F  TYPE AM? 1O 1

I U ()

~ 
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28 LET RED.2.CONSTANT 5

29 GO TO ALWAYS

30 ELSE

31 LET RED.2.CONSTANT 10

32 ‘ALWAYS’

33 ALWAYS

34 LET P1 ARTY.PK.TABLE(CAL IBER(IO.RED. .BTRY),WPN .TYPE (TANK),

35 TYPE .AMMO ,V1) * NUM .~ UNS (ID.RED .8TRY~

36 * ~ED.2 .CONSTANT

37 LET P2 •\RTY.PK .TAB LE(CA LIBER IID. RED .BT RY ’
~,WPN .TYPE(TANK ),

38 TYPE.AMMO ,2) * ~1U~1.~ UNS~ ID.RED .3TRY’

* REP. 2.CON STANT

40 LET P3 ARTY.PK .TABLE (CALI 8ER (ID .REP .8TRY ’
~,WPN .TY PE (TANk~ .

41 TYPE .AMMO ,1~ * NUM .GUNS(ID.RED. 13TR Y~

4 ’  * RED.2.CONSTANT

43 CALL •ATRIT(TANK ,T.ANK ,71 .P2 ,Pl , 1)

44 CALL TALLY.HIT .STATE (TANK ,DAMAGE ,NUM~

45 IF DAMAGE .NUM 5

46 LET A L IV E .OEAO (TANK ’
~ I

47 LET UIT .STATE (TANK) ‘FAd ’

48 LET FOE(TANK ) 0

49 IF FAJANK) NE 0

50 SCHEDULE AN ALI .FO (TANK) IN 100 YNITS

51 ALWAYS

52 ALWAY S

53 START NEW LINE

54 WRITE

55 NCASE, GUNTIJBE , TY PE. A ~Q10. NAM [(TANK).
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56 CALIBER(ID.RED.BTRY) I TIME.V ,

57 X.CURRENT(TNAK ),Y .CURRENT (TANK),Z.CURRENT (TANK),SPD (TANK),

58 DEFNUM(TANK ),

59 FKILL(TANK), MFKJ LL(TANK) ,

60 KK ILL(TANK) ,K.H IT(TANK ) ,FIR ED.AT (TANK)

61 AND NUM.HIT(TANK) AS

62 I 2, 1 3, “ARTY” , 5 8,

63 3 I 4, 1 5, S 20 , S 7, 3 I 5, 0(4,1), I 3, S 11 ,

64 S 1, A 4, 2 0(5,2), 2 I 2, 5 1 3

65 ALWAYS

66 LOOP

67 REPEA T

68 IF ITERATION EQ 30

69 LET ITERATION = 0

70 ALWAYS

71 LET ITERATION = ITERATION + 1

72 SCHEDULE A RED.ARTY .FIRES(ITERATION ,ID.RED.BTRY) IN

73 (60/RATE.OF.FIRE (ID.RED.BTRY)) * SALVOS UN ITS

74 LET NO .MSNS.FIRE(ID.RED .BTRY) = NO .MSNS .FIRED(ID .RED .BTRY) + 1

75 RETURN END

L ines 1-4 defi ne the event and the local variables .

Lines 5— 17 determine the ammun ition type (2O’~ OPICM and SO~ HE) and

upda te ammunition status .

L i nes 13—23 check if Blue vehicle lies within the voll ey ’s effects.

Lines 4—33 set the value for the conversion factor.

Lines 34—44 calcu late the probabi l i ty of  the different damage leve ls

and call the damage assessment and bookkeeping routines .
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L i nes 45—48 check if vehicle Is k- killed . If so , attributes are

updated.

LInes 49—51 check i f the k— killed system was also an FO. If so,

a search for a replacement for the FO is  scheduled .

Lines 53-64 print the appropriate damage information .

Lines 68— 70 check if the Red f ire plan is firi ng at i ts  last  target.

If so , the plan is repeated.

L i nes 71-73 schedule the next Red planned fi re .

Line 74 updates the numbe r of targets that have been fired by the

Red battery .

Line 75 returns contro l to the syste m timer.

11. Routine MEW .COORDINATE .SYSTEM

Description

Routine NEW ..CO ORD INA T E.SYSTEM trans forms a posi t ~on from

one coordi nate syste m to the corresponding pos it ion  in a second

coordinate system . It is ca l led  by routine ASSESSMENT and

rou tine ERROR .

Local Var iab les

XNEW - A rea l variable equa l to the ( coordi nate in the new

coordi nate system .

YNEW - .A real var iab le  equa l to the V coordin ate in the new

coordinate system .

XOL D - A real var iab le  equa l to the \ coo rdina te in the old

coordinate system.

YOLD - A real variabl e equa l to the V coordina te in the old

coord inate system .

ANGLE - A real va riab l~ equal to the anql~’ between the two

coordinate systems , measure d counterclockwise in radians from

____ __ _____________ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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the horizonta l axis.

Co dinq and Brief Explanation

1 ROUTINE FOR NEW .COORD ItIATE .SYST EM(XOL D ,YOL D,A NGLE) YIELDING XNEW

AND YN EW

2 DEFINE XNEIJ AND YNEW AS REAL VARIABLES

3 DEFINE XOLD ,YOLD AND ANGLE AS REA L VARIABLES

4 LET XNEW XOLD * COS .F(ANGLE) - ‘(OLD * SIN .F(ANGLE)

5 LET ‘(NEW ‘(OLD * COS .F(ANGLE) + XOLD * SIN .F(ANGLE)

6 RETURN END

Lines 1-3 de fine the routine and the local variabl es .

Line 4 calculates the new X coordi nate.

Line 5 calculates the new Y co ordinate .

Line 6 returns contro l to the cal l ing routi ne .

20. Routi ne tIEW .MISSION

Description

Routi ne NEW .MISS ION creates a miss ion at the time the FO

selects a target to at tack. The attri butes of the new miss ion

are assigned the appropriate values from the desi gnated cluster

plus new va lues . Routi ne NEW .M ISS IO N is calle d by event

CLUST ER. ’JPDATE and ca l ls  routine DIST .

Local Var iab les

ID.FO - An integer variable representi ng the FO who is

fi ri ng the miss ion.

NA ME.PR IOR ITY - An integer var iable representing the cluster

se lected as the target.

M - An Intege r variable representing the newly crea ted

mission.
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A — A real vari able equa l to the range between the FO and

the cluster centrold.

PRIORITY - A real variable equa l to the priori ty (relative

weight) of the cluster selecte d by the FO .

Codi ng and Brief Explanation

1 ROUTINE NEW .MISSION (ID.FO ,NAtIE .PRIORITY ,PRIOR ITY ) YIELDING M

2 DEFINE ID.FO ,NAME .PRIORITY AND M AS INTEGER VARIABLES

3 DEFINE A AND PRIORITY AS REAL V A RIABL ES

4 CREAT EA MISSION

5 LET AMT.IN.CLUSTE R(M ISSION) CLUSTERS ( NAME ..PRIORITY ,1,ID.FO )

5 LET NO.CLUS TER(M ISS ION ) = NAME.PR IORITY

7 LET PRI.OF .CLUST ER(M ISS ION ) PRIORITY

S LET X .CUR4 (MISS ION ) = CLUSTERS(NAME .PRIORITY ,3,ID.F0)

9 LET Y .C IJR4 (M ISS IO N ) CLUSTERS (NAME.PRIORITY ,4,ID,FO )

10 LET SPEEO(MISSION ) = CLUSTERS(NAME .PRIORITY ,5 ,ID.FO )

11 LET D IR ECTION ( M I S S I O N )  a CL USTERS(NA ME. , P R IO R I TY ,6,iD.F0)

12 LET LCOUNT LCOUNT + 1

13 LET MSN.NA IIE(MISS ION) = LCO UNT

14 LET FIST(M ISSION ) t D.FO

15 CALL DIST (X .CUR4( MI SS IO N) , Y .CUR4(M ISS ION) , x ,C IJ RRENT(P OI NTTN G . rQ

(ID.FO)) ,

16 Y.CURRENT(POINTING.TO(ID.FO ))) YIELDING A

17 LET FO .TGT.RANGE(MISSION ) A

18 LET M = MISSION

19 IF DEBUG GE 1

20 START NEW LINE

21 PRINT 3 LINES WITH ID.FO ,MSN .NAME(~tISS1ON ),SPEED (MI5SION),X.Cug4

(MISSION),
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22 Y.CUR4(MISSION),DIRECTION(MISSION) AND A THUS

FO * COMPUT ING M SN MSN ***

SPD ~~~~~. X ~~~~~~~~~~ ‘( ~~~~~~~~~~~ DIR **~~*

FO RANGE TO TGT ~~~~~~~~~~~

23 SKIP 1 OUTPUT LINE

24 ALWAYS

25 RETURN END

Li nes 1-3 defi ne the routine and the local variabl es.

Li ne 4 creates a new MISSION.

Li nes 5—14 give values to attri bu tes of the new MISSION.

Li nes 15-17 determi ne the di stance in meters from the FO to the

clus ter centroid.

Line 18 ass i gns the value of the po i nter of the MISSION to the

argumen t M.

Li nes 19—24 are a pri nt option.

Li ne 25 returns control to the cal l ing event. -‘

21. Rout ine PARAMETERS

Descri ption

Routi ne PARAMETERS calculates the standard deviation for

range and de f l e c t ion  from linear approximations of the standard

deviation of dispersion about the impact poin t (stored in array

SIGMA.DP ICM). Array RANGE .BANDS contains the endpoints (break-

points ) of each of the linear approximation s . The routine inter- 
L

pola tes the appropriate value . If the range is less than the

minimum value in the ar ray , the mini mum value is used. If the

range is greate r than the maximum value in the array, the maximum

value is used. Routi ne PARAMETERS is cal led by routine ERROR and

routi ne ASS ESSMENT. 
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Loca l Variabl es

I - An integer variable representing the va l ue of COUNT .

J - An integer variabl e representing the type of ERROR

requi red , w ith a valu e of 1 for precision error and 2 for error

In MPI.

K — An integer variable representing the caliber of the

weapon fi ri ng the MISSION .

TYPE.AMM O - An intege r variable representi ng the type of

ammunition used in the MISSI ON , wi th a value of 1 as DP ICPI and

2 as HE.

COUNT - An integer variabl e representing the uppe r value

of a pair of endpoints that bracket the range.

RG - A real va riable equa l to the range from the fi ring unit

to the cluster centroid. The valu e is converted to range in

thousands of meters .

DELTA. 1 - A real variable equal to the di fference in the

endpoints tha t bracket the range .

DELTA .2 - a real variabl e equa l to the di fference betwee n

the range and the lowe r of the two endpoints that bracket the

range .

SIG .DF — A real variable equal to the standard deviat ion

for de fl ection .

SIG.RG - A real variable equal to the standard deviation

for range.

FRACTION - A real variable equal to the d istance along the

linear approximation for which the interpolat ion ‘.~as required.

Coding and Brief Explanation

_  - .. ~~~T ..~~~ 
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1 ROUTINE PARAMETERS(JITYPE .AMMO ,K ,RG) YIELDING SIG.RG AND SIG.DF

2 DEFIUE r ,J,K ,COUNT ,~ND TYPE.AMMO AS INTEGER VARIABLES

3 DEFINE DELTA.2 ,SIG.DF ,D EL TA . 1 ,FRACTION AND SIG.RG AS REAL VARIABLES

4 DEFINE RG AS A REAL VARIABLE

5 LET RG RG/1000

6 IF RG LE RANGE .BANDS (1 ,K)

7 LET C O U N T = 2

S LET FRACTION 3

~ GO TO NEXT

10 ELSE

1 1 IF RG GE RANGE.BANDS(NO.RAN GE.BANDS ,K) r
12 LET COUNT NO.RANGE.BAND S

13 LET FRACTION = I

14 GO TO NEXT

15 ELSE

16 FOR COUNT 2 TO NO.RANGE .3ANDS , JO

17 IF RG LI RANGE.BANDS(COUNT ,K)

13 GO TO NEXT

13 LOOP

20 ALWAYS

1 ‘NEXT’

22 LET I COUNT

23 LET DELT A .1 = RANGE.BANDS (COUNT ,K) - RANGE. BAN flS (COUNT-1.’~’

24 LET DELTA . 2 

~G - RANGE.3ANOS(COUNT- 1 ,K )

25 LET FRACTION = DELTA ..LDELT.A .1

26 LET S 1G . R G = SIG~A .DP1CM(I_1 ,.*J_ 1 ,K)+FRACTION * CS IGMA .DP ICM

(t  ‘*~~ 1
~~~~~~~~~ 

u _ 
~
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28 LET SIG.DF SIGJIA.DPICtI (I-1 ,2tJ,K) + FRACTION * (SIGMA .DPICM

(I,2*J ,K)_

29 SIGMA.DP ICPI (I_1 ,2*J,K ) )

30 RETURN END

Lines 1-4 defI ne the routi ne and the local var iables.

Line 5 calculates the range in thousands of meters.

Lines 6— 10 check if the range is less than the lowes t breakpo i nt.

If it is, control transfers to line 21 .

Lines 11—15 check if the range is greater or equa l to the largest

endpoint. If it is , contro l is transferred to line 21.

Li nes 16—20 set the value of COUNT to the value of the position in

the array ca l led  RANGE.BAN DS of the hi ghest endpoint of the set of end—

points that bracket the range.

Line 21 is a continuation line.

Lines 22-29 access the array ca l led SIGMA. DPICM and interpolate as

necessary . 
V

L i n e  30 returns control to the calling routi ne.

22. Rout ine ARTY .TIME

Jescri ption

Routi ne ARTY .’7IME generates an elapsed time required to

accomplish di ffe rent tasks based on probabil i ty distributions

of the time durations . The routine uses the array called FA.

TIME .DELTAS, a two di mensiona l array wi th the tasks i denti fied

through the fi rs t subscript and the values of the task in the

second subscr ipt. There are three values stored for each task.

The fi rs t value identi fi es the type distr ibution and has the

fol lowing va lues : 1—determi nistic , 2-uni form distri bution , and

3—norm al distr ibution. If the distri bution is deterministic ,

118

L .~~~ .. ~~~~~~~~~ ~~~~~~~~~~~~~~~ . .
~~-



-V .~~- 
V V

~ 
. V
~~ V~~~

i ts va l ue is in the second column . If the distribution is uni-

fo rm, the start point of the interval is in column two and the

end point is in column three . If the distri bution is norma l ,

the va lue of the mean is in column two and the value of the

standa rd deviation is in column three. The routi ne uses the

Simscri pt functions UNIFORM.F and NORMAL.F to generate the appro-

priate numbe rs based on the chosen random number stream .

Routi ne ARTY .T1M E is cal led by event UPr)ATE.CL UST ER , event

COMMO.A TTEMPT , event FDC .PROCESS ING , event CHECKING.GU NS.AVA IL

ABIL ITY , event FIRING.GUNS , event ARTY ..IMPACT , and even t ENO.OF.

MISS ION .

Local Vari able

A - An integer var iable representing the type of task :

integer value task

1 Update clus ter

2 FO c alcula ti o n s

3 Commo from FO to FOC

4 Process i ng i n FOC

5 Fi ring unit operations

6 FO subsequen t adjusting round

7 Fi ri ng unit operations —

subsequent rd

S End of mi ssion

DEL.TIME - A real var iable equa l to the elapsed time gene—

rated from parameters of the array ca l led  FA.T IME. DELTAS .

Coding and Brief Explanation

liD



1 ROUTINE ARTY . TIME(A) YIELDING DEL.T I ME

2 DEFINE DEL.T IME AS A REAL VARIABLE

3 DEFINE A AS AN INTEGER VARIABLE

4 IF FA .II~•1E .DELTAS (A,1) = 1

5 LET DEL.TIME = FA.TIME .DELTAS (A ,2)

6 RETURN ELSE

7 IF  FA.TIME.DELTAS(A ,1) = 2

8 LET DEL.TIME = UN IFORM.F(FA.TIME.DELTAS(A ,2),FA.TIME.DELT A S (A ,3),

RN. S TREAM

9 RETURN ELSE

10 LET DEL.TIHE = NORMAL.F (FA.T IM E .DELT A S (A ,2) , FA .TI ME.DELTAS(A ,3) ,

RN.STRE A M )

11 LET DEL.T IME = MAX.F ( O ,DEL.T IME)

12 RETURN END

Lines 1-3 defi ne the routi ne and the local var i ables .

Lines 4—6 appl y if the distribution is deterministic. The time is

generated and control returned to the cal l ing event .

Lines 7—9 appl y if the distribution is unifo rm, If it is , the time

is generated and control returned to the cal l ing event.

Lines 10—12 generate a time from a norma l distri bution and return

control to the cal l ing event.

23. Routi ne FA .TGT .ERROR

Description

Routine FA .TGT .ERROR generates a random error for an FO ’ s

sighting (estimation of location) of a moving vehic l e .  It uses V

array TGT.AC Q . ERROR , a 2 by 3 array . The rows correspond to

the V Ja l ue  of A , the type of observat ion device . The fi rst column

of the appropriate row identi fies the type distri bution and has
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the fo l lowing values : 1 - deterministic , 2 - unifo rm di stribu -

t ion , and 3 - norma l distri bution . If the d istr i bution is

determinist ic , its value is in column two . If the distribution

i s un i form , the start po int of the interval is in c .umn two and

the endpoint is in column three. If the distribution is no rmal ,

the value of the mean is in column two and the va l ue of the

standard deviation is in column three. The routi ne uses the Sim—

scri pt functions UNIFOR?~.F an d NORMAL .F to genera te the app ro-

priate random numbers based on the chosen random number stream.

Rou tIne FA .TGT .ERROR is cal led by routine NEW . CAT ON .

Local Va ri a b les

A — An integer vari able representing the FO’ s observation

device wIth a value of 1 for a laser rang ing system and 2 for

bin ocu lars (devi ce used for location and not detec tio n~ .

LOC.ERROR - A real variable equa l to the target location

error in meters .

Coding and Brief Exp lanation

1 ROUTINE FA .TGT .ERROR(VA ) YIEL ’ING LOC.ERROR

2 DEFINE A AS AN INTEGER VARI A BLE

3 OEFU~E L3C .ERROR AS A REA L VARIABLE

4 IF T3T.AC~ . E RROR (A ,1) 1

5 LET LOC.E R ROR = TGT .AC’~.ERROR (A ,2)

5 RETURN ELSE

7 IF TGT.ACQ .ERROR(A ,:~ = 2

S LET LOC.ERROR = UNiFORM. F(TGT.VAC~ .ER R O R (A ,2~ .

9 TGT.A CQ .E R ROR ( A ,3),RN .STR EA M )

10 RETURN ELSE

1 1 LET L0C . ER~iOR = NORMAL.F ( GT .AC~ .ERROR(A ,2’,
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12 TGT.AC Q .ER ROR (A ,3) , RN.ST R EAM )

13 RETIJIiN END

Lines 1—3 define the routi ne and the local variables .

Lines 4—6 check the type of distri bution. If the distri bution is

d e te r n i n i s t i c, the locat ion error is generated and contro l is returned

to the call ing routine .

Lines 7-10 check if the distri bution is uni form. If it is , the

location error is generated and control returns to the cal l ing routine.

Li nes 11-13 generate a normal location error and return contro l to

the callin g routine.

24. Routine NEW .LOCATION

Descripti on

Routi ne NEW .LOCATION simulates the FO’s est i ma ti on of the

new location of a cluster at the end of a given time duration.

It is used in the adjustment phase and FEE phase . In the adjust—

rnent phase , the FO takes two s i ghtings of the centro id of the

cluster 20 seconds apart and determi nes the apparent speed and j
direction of the cluster. In the FEE phase , the apparent s peed

and direction determi ned after the last adjusti ng rounds are used .

In both cases , the routi ne extrapolates new locations from the

last positi on of the cluster for the time period of the estimated

trave l. Events CLUSTER.U PDATE and ARTY. IMPACT call routi ne NEW .

LOCATION. It calls routi nes DIST, POSITION.UPDATE , and FA.TGT.

ERROR.

Local Variabl es

ID.EO — An integer variable represent in) the ED fi ri ng the

mission.

I0.MISSION - An i nteger variabl e representi ng the current

miss ion.
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TANK - An intege r variable representi ng the vehicle being

checked.

DEL.TIME - A real variabl e equal to the time period over

which the location of the c luster has moved.

A - An integer var iable representi ng the type of s i tuat ion

for estimating the location. The variabl e may take on the fol low -

ing values : 1 - adjustment phase , and 2 - FEE phase.

DISTANC E - A real variabl e equa l to the distance in meters

between two sightings .

ERR.1 - ERR.8 - Real variables equal to the sighting error ,

Since the erro r was based on a C EP (c ircular error probable),

the error distri bution is the same in both the X and Y di rections .

X. 1 - A rea l variable equal to the X coordina te of the old

location.

Y.1 - A real va riable equa l to the V coordinate of the old

loca ti on.

X.2 — A real variable equal to the X coordinate of the fi rst

Si ghting.

V.2 — A real variable equa l to the V coordinate of the fi rst

sighting.

X. 3 — A real variable equal to the X coordi nate of the

second sighting.

V. 3 — A real var iable equa l to the V coordinate of the

second sighting.

Coding and Brief Explanation

ROUTINE NEW .LOCATION (I0.MISSION ,DEL V. TIME ,A)

2 DEFINE ID.MI SS ION ,IO.F0 ,A AND TANK AS INTEGER VARIABLES
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3 DEFINE DEL.TIME AS A REA L VARIABLE

4 DEFINE OISTANCE ,ERR.2 ,ERR .4 ,ERR.6 ,ERR .8,X.1 ,X.3 ,Y. 1,Y . 3 ,ERR. 1,

ERR . 3 , ERR. 5 , ERR. 7,

5 X.2 ,XX ,Y. 2 , AND VY AS REAL VARIABLES

6 CALL POSITION.UPDATE(ID.MISSION ,O)

7 IF X.CUR4 ( ID.MISSION ) = 0

8 THEN IF Y.CUR4(IILMISS ION ) 0

9 LET ERROR .CODr.~ i2 .MISS ION ) = 6

10 AL W AYS

11 I F A = 2

12 LET X .1 = X.FUTURE.LOC(ID.MISSION )

13 LET V .1 Y.FUTUR E.LOC( ID.MISSION ) 
V

14 GO TO NEXT

15 ELSE

16 LET IO.FO FIST( ID.MISSION )

17 CALL FA.TGT.ERROR (TYPE (ID.FO)) YIELDING ERR.1

18 CALL FA .TGT.ERROR(TYPE(ID.FO)) YIELDING ERR.2

19 CALL FA .TGT.ERROR (TYPE(ID.FO)) YIELDING ERR.3

20 CALL FA .IGT.ERROR(TYPE (ID.FO)) YIELDING ERR.4

21 LET X.1 = X.CUR4(ID.MISSION) + (ERR.1 + ERR.2)/2

22 LET V . 1 = Y.CUR4(ID.MISSION ) + (ERR .3 + ERR .4)/2

23 LET X.2 = X .CUR4(ID.MISSION ) + SPEED( ID.MISSION ) * COS.F

(DIRECTION(ID.MISSION))

24 * 20

25 LET V .2 = Y.CUR4(ID.MISSION ) + SPEED(ID.MISSION ) * SIN .F

(OIRECTION (ID.MISSION))

26 * 20
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27 CALL FA.TGT.ERROR (TV PE( ID.FO)) YIELDING ERR .5

28 CALL FA .TGT. ERROR(TYPE( ID. FO )) YIELDING ERR .,6

29 CALL FA.TGT.ERROR(TVPE (ID.FO)) YIELDING ERR. 7

30 CALL FA .TGT.ERROR(TYPE(IO.FO)) YIELDING ERR.8

31 LET X .3 X.2 + ( ERR .5 + E RR .6)/ 2

32 LET V . 3  V.2 ÷ ( ERR .7 ÷ ERR.8) /2

33 CALL DIST (X. 1 , V.2 , X .3 , V .3) Y IEL D I N G  DISTANC E

34 LET XX = X . 3  - X.1

35 LET Y Y = V .3  — V . 1

36 LET DIR.APPARENT( ID.MISSION ) = AR C TAN.F ( YY ,X X )

37 LET SPD.APPARENT (ID.MISSION ) = DISTANCE/20

38 ‘NEXT ’

39 LET X.FUTURE.LOC (ID.MISSION ) = X. 1 + SPD.APPARENT(ID.MISSION )

* COS.F

40 ( DI R .APPARENT(ID.MISSION) * DEL.TIME

41 LET Y.FUTURE .LOC(ID.MISSION ) = V .1 + SPO .APPARENT (ID.MISSION )

* SIN.F

42 (DIR .APPARENT (ID.MISSION ) * DEL.TIME

43 RETURN END

Lines 1-5 de fi ne the routine and the loca l variables .

Line 6 updates the actual location of the cluster .

Lines 7— 10 chec k if there are any vehicles left a l i ve  in the c luster .

I f none , an error code is establ ished.

Lines 11-15 check if the routine was called from the FEE situation.

If It was , the contro l trans fers to line 38.

Line 16 sets the value of ID.F0.

Lines 17-22 call routine FA .TGT.ERROR for errors in sightings and

apply the resu lts to the f irs t posi t ion.
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Lines 23—26 determi ne the estimate d relative position of the cluster

as projected 20 seconds from the current time .

Lines 27-32 call routine FA.TGT.ERROR for additiona l errors in sight-

i ngs and apply the resul ts to the second position .

Lines 33—37 calculate the mean speed and direction of the cluster

based on the two sightings . These values upda te attributes of ID.MISSION.

L ine 38 is a continuation line.

LInes 39— 42 extrapolate the future position of the cluster based on

the apparent speed and direction of the cluster for the inpu t value of

time .

Line 43 returns~~ntrol to the calling event.

25 . Even t MRL. IMPACT

Descr ip t ion

Event MRL .IMPACT simulates the effects of a MRL volley in

the vicini ty of the firs t TOW team in team B that k—kills a Red

tank . The probability of a k- kill , rn —k ill , an d f— kill are cal—

culate d and routine ATRIT Is call ed to assess damage . Event

MRL. IMPACT is schedu l ed by event IMPACT . It calls routines LOC ,

ATR IT an d TALLY. HIT.STATE,

Local Var iables
Ii

ID.B TRY - An integer var iable representing the FO,

TYP E.AMMO - An integer variable representing the type of

an~ unity fi red.

RED.2.CONSTANT - An integer vari abl e equal to a conversion

factor to be used when calculating the effects on an exposed

Dragon gunner.

X.LOC - A real variable equal to the X coordinate of the

target.
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Y.LOC - A rea l var iable equa l to the Y coordinate of the

target.

P1 - A rea l variable equa l to the pro bability of a k-kill.

P2 - A rea l variabl e equal to the probability of an rn - kill .

P3 - A real variabl e equal to the probability of an f-kill .

Coding and Brief Explanation

1 UPON MRL.IMPACT(X.LOC ,Y.LOC)

2 DEFINE ID.BTRV .TYPE V,AMMO AND RED. 2.CONSTANT •;5 INTEGER VARIABLES

3 DEFINE P1 ,P2 ,P3 ,X.LOC AND Y .LOC AS REAL VARIABLE S

4 LET TYPE.AMMO = 2
k

5 LET ID.BTRY 11

6 LET NUM.HE.LEFT(ID.BTR Y) = NUM .HE.LEFT(ID.BTRY ) - NUM .GUNS (ID.BTRY)

7 LET N0 .MSNS.F IRED (ID.BTRY) NO .MSNS.F IRED( IDVBTRY) + 1

S FOR EACH TANK IN BLUE.ALIVE , DO

9 CALL LOC( TAN K)

10 IF ABS.F(X .CURRENT (TANK) - X.LOC ) LI 200

11 THEN IF A 3S.F(Y .CURRENT(TANK) - Y .LJC ) LI 200

12 IF  DE BU G GE 1

13 PRINT 1 LINE ‘.4ITH MAME (TANK) THUS

MRL IMPACT TANK * ~~~ WAS FIRED ON

14 AL WA YS

15 LET RED. 2.CONSTANT s 1

16 IF W PN .TY PE(TA NK) = 6

F THEN IF DEFNUM (TANK) 3

15 LET RED.2.CONST ANT

1~ ALWAYS

20 LET P1 A RTV . PK .T ABL E (CA LIB ER( ID . BTR V ) ,

21 WPN .IVPE (TANK) ,TY PE.A MMO ,3) * RED .1.CONSTANT

12~
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22 * RED.2.CONSTANT

23 LET P2 ARTV .PK.TABLE(CALIBER(ID.BTRY),

24 W PN.TYP E(TANK ) , TYP E.AMMO ,2) * RED. 1.CONSTANT

25 * RED.2.CONSTANT

26 LET P3 ARTY.PK.TABLE(CAL IBER) ( ID .BTRY),

27 WP N .TYPE(T A NK) , TYP E.AMMO ,1) * RED. 1.CONSTANT

28 * RED.2.CONSTANT

29 CALL ATR IT(TANK ,TANK ,P1,P2 ,P3 ,1)

30 CALL TALLY.HIT.STATE(TANK ,DAMA GE.NUM)

31 IF DAt.IAGE.NUM 5 
V

32 LET AL l VE.DEAD(TANK) 1

33 LET HIT.STATE (TANK) “FA .2”

34 L ET F O E(TA N K)  0

35 IF FA(TANK) NE 0

36 SCHEDULE AN ALT.FO ( TA NK) IN 100 UNITS

37 ALW AYS

38 ALWAYS

39 START N EW LIN E

40 WRITE

41 NCASE, GUNTUBE , TVPE.AMMO , NAME(TANK),

42 CALIBER(tU .BTRV),TIME.V ,

43 X.CURRENT(TANK),Y.CURRENT(TANK),Z.CURRENT(TANK),SPD (TANK),

44 DEFNUM (TANK),

45 FKILL(TANK), MFK ILL (TA NK) ,

46 KKILL(TANK) ,K.HIT(TANK) ,EIRED.AT(TANK)

47 AND NUM.HIT(TANK) AS

43 1 2,1 3, “ ART Y ” ,S 8,

49 3 I 4, I 5, S 20 , S 7 , 3 I 5 , 0(4,1), 1 3, S 11 ,
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50 S 1 , A 4. 2 0(5 ,2’ , 2 1 2, 5 1 3

51 ALWAYS

52 LOOP

53 RETURN END

Li nes 1-3 defi ne the event and the local variables.

LIne 4 defi nes the type of amm unit~on.

Line 5 defi nes the fi ring unit.

Lines ~-7 update the an~ uni tion count and the number of n~ss~ ons

fi red.

Lines 8— 11 screen for ve h icles that li e wi thin the MRL v o1le ~ ’s

effects pattern.

Lines 12-13 are a print option.

Lines 15—1 9 defi ne a convers ion fac to r for use in determin ing ef+V ec t s

on an ex posed Drag on g unner .

Lines 20—28 calcu late the probab iHtv of di fferent levels of damage .

Lines 29— 30 assess damage and ca l l  bookkeepi ng routine .

Lines 31—3 3 update attri butes i f the Blue vehicle is k illed .

Lines 35—37 schedule a sea rc h for substitute FO ~f ~~‘ k-L i i ed .

Lines 39—50 pri nt out damage i n f o rmation.

Line 53 returns control to the s’~stem timer .

26. Routine PREPLANNED

Descri ption

Routi ne PREPLANN ED generates a table of rectan gle ~~~ tions

for use in the led planned fires . The ‘~~lues are s t o r t ’i ~~

array ca l led  RED. PLAN NED FIRES •~~th three ~ubsc r i ’ t s .  The ~~ n”~t

subscri pt ind icates the i terat ion va~ue. The se co nd s uhscru~t

indica tes ~ie fol lowif lg : 1- ~ coordi nate of the upper ~e~ t corner

of the recta ngle, 2- Y coordi nate of the upper ~~ft corner of t~~e



_

rectangle , 3— X coordi nate of the lower right co rner of the

rectangle , and 4— V coordi nate of the lowe r right corner of the

rectangle. The thi rd subscript i ndicates the Red battery

iden t if i c a t i o n  number , start ing wi th the value of 1 for the

fi rst Red battery created . Routi ne PREPLANNED is called by

routi ne FA.1.MAIN.

Loca l Va ri ab les

A — A n integer variabl e representi ng the number of Red

batter ies whose fi res are being planned. r
B - An integer vari able representing the value of the upper-

most X coordi nate in the rectangle.

C - An integer variable representing the change in X co-

ord inate per shift in fi res .

D — An integer variabl e representi ng the uppermos t V co—

ordi nate in the rectangle.

E - An intege r variable repres enting the change in V co-

ord i nate per sh i ft in fi res.

F — An intege r variable representing the va lue of the last

Red battery whos e fi res were planned prior to this routi ne being

calle d .

I — An integer variabl e representing the row number of the

target ‘In array . 
V

J - An integer va riabl e used to construct the coordi nate

array.

K — An integer variable used to construct the coordinate

array.

L — An integer va riabl e representing the third dimension

va lue in the a rray used to construct the coordinates . 

. .
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Codi ng and Brief Explanation

I ROUTINE PR EPL A NNED(A ,B .C,D,E ,F)

2 DEFIN E A ,B .C ,D ,E ,F .I,J ,K AND L A S INTEGER VARIABL ES

3 LET J~~~3

4 LET K~~~0

5 LET L F+1 TO V \+F , DO

6 FOR Iaj 10 29 BY 2, DO

‘ LET J2J+1

3 LET RED.PLANNED.F IRES (I ,’~,L) = B +((L_ F_ i ’
~*~

9 LET RED .PL1\NNED.FIRES~ I ,2,L) = 0 -J+1

13 LET ~~~~~~~~~~~~~~~~~~~~ = B + C ~(L~F~1)*6)

Ii LET ~EJ .PL.\NNE0..FIRES çI ,4,L~ = .IED.PLANNED .FIRES (I ,2,L’ -E

12 LOOP

3 FOR I 2 TO 30 3Y 2, JO

14 LET ~

‘
~5 LET 

~ED .pL;NNEJ .~ IREs ::~,L’ B + 2 ~ L_ F _ 1 ’ *6’~

16 LET ~~~~~~~~~~~~~~~~~~~~ = 2 -~~ 1

:~ LET ~E2.PL~NNE 2. FIIES~ I ,3,L~ 3 (~~C’

13 LET lE2.~ L•\NNE2.~~lES~~,4,L) = ~E2.PLANNED.F ES~~,2 ,L~ -E

~ L~ L~°

23 LE~ 3

1 LET K 3

22 ~E~EAT

. 3  RETURN END

L i nes i-C Je~ ine  te le rc~ut ine an d l oca~ variabl es .

Lines .3-22 con st r~ict ~he array of coo rd i na te values .

Line 23 returns control to t~ e calling routine .
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27 . Routi ne POSITION .UPI~ TE

Descri ption

Routine POSITION .UPDATE updates the position of the centroid

of a given clu ster . Fi rs t , i t  updates the loca t ion  of a ll TANKS

in the c luster and calcu lates the mean X coo rdi nate , V co ordi nate ,

and speed . This ev ent is called only during the adjustment phase

of a mission. Event POSIT ION .UPDATE is called by routi nes ERROR and

NEW. LOCATION

Local Variabl es

ID.MISSION - An integer variable representing the mission

tha t is being fired.

ID.FO - An intege r var iable representing the FO fi ri ng on

the cluster .

TANK - An integer variabl e representi ng the vehicle being

processed.

X.BAR - A real variable equal to the mean of the X coordi nates .

Y. BA R — A real vari able equal to the mean of the V coordi nates .

SPD.B A R - A real vari able equa l to the mean of the speeds .

Coding and Bri ef Explanation

1 ROUTINE POSITION .UPDATE(ID.MISSION ,A)

2 DEFINE I0.FO,ID.MISSION ,TANK AND A AS INTEGER VARIABLES

3 DEFINE Y.BAR ,X .BAR AND SPD.BAR AS REAL VAR IABLES

A LET ID.FO = FIST(ID.MISSION )

5 FOR EA CH TANK IN RED.A LIVE , DO

6 IF C.NUMBER .ARRAY (NAME (TANK)-B .NUM.ALIVE, IDVF O ,STATE 4( I D .FO ))

7 MO.CLUSTER (ID,MISSION)

8 CALL LOC(TANK )

9 COMPUTE X.BAR AS THE MEAN OF X.CURRENT(TANK)
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10 COMPUTE Y .BAR ~S THE ~1EAN OF Y .C Ufl RENT( TAN K)

11 COMPUTE SPD.BAR AS THE MEAN OF SPD( TANK)

12 ALWAYS

13 LOO P

14 LET X.CUR 4 (ID. M ISSION ) = X. BAR

15 LET V .CUR4(ID.MISS ION) = Y.B A R

16 LET SPEED(ID,MISSION ) = SPD,BAR

1. 7 RETURN END

Lines 1—3 defi ne the routi ne and the local variables .

Line 4 defines the variable IJ.FO .

Lines 5— 7 search for each vehicle whose cluster identification in

the array called C .NUMBE R .ARRAY equals that of the cluster being fi red

upon.

Line S updates the vehicle locat ion.

Lines 9— 12 compute the appropriate mean of all live vehicles in the

c l us ter.

L i nes 4—16 ~pdate the appropri ate attributes of the cluster .

Line 17 returns control to the calling routine.

,S. E vent ALT.FO

Descri ption

Even t ALT .FO attempts to replace an FO ~ho has bad u s  vehic~e

k-killed. The event checks each platoon leade r in the FO’s company.

The firs t live platoo n leader is given the FO’ s dut ies , If none

are al iv e , the duties are not passed on. This event is scheduled

by event IMPACT , even t RED .PLANNE D FIRES , ~nd even t M RL. I~W A CT .

Local Var iables

A — In integer variable representing the vehicle in which the

FO was rid ing when he was ki lled .
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M - An integer va r iable used to cut off the search through

the set BLUE.ALIVE after fi rst live FO replacement is found.

Coding and Brief Explanat ion

1 UPON ALT.FO(A)

2 DEFINE A AND M AS INTEGER VARIABLES

3 FOR EACH TANK IN BLUE.ALIVE WITH CO(TANK) = CO(A)

4 AND TANK = PLTLDR (TANK) UNTIL M = 1, DO

S LET FA ( TA NK) = FA( A )

6 LET TYPE ( FA ( A ) )  = 2

7 LET POINTIN G .TO (FA(A) )  = POINTER ( TANK)

8 LET ‘1 = 1

LOOP

10 R ETURN END 
V

Lines 1— 2 defi ne the event and the local var iables .

L i nes 3—4 search for the fi rst live platoon l eader in the FO’s

company .

L i nes 5— 7 transfe r the old FO ’s attri butes to the new FO.

Line 13 returns contro l to the system timer ,

29. Event SHUT.OFF

Description

Event SHUT.OFF simulates the termi nation of the Red planned

fi res as the Red forces close onto their objecti ves. A globa l

var i ab le , RED.OFF , is given the valu e of one when thi s event is

processed . Event SHUT.OFF is scheduled by event STEP.IIME.

Codi ng and Brief Explanation

1 UPON SHUT.OFF

2 LET RED.OFF = 1

3 RETURN END
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L i ne 1 def i nes th e even t .

Li ne 2 changes the value of the globa l vari able RED.OFF .

Line 3 returns control to the system timer .

C. STAR ROUTINES AND EVENTS THAT REQUIRED MODIFICATION

The follow ing modi fications to the STAR model are requi red to facili-

tate the addition of the FA module. Since the STAR mode l is very dynamic

in nature , the line numbers and actua l code alte rations are correct onl y

for the current version of STAR . The reason for the modi fi cation is

specifi c enough to allow the user to make the appropriate modi fication

to the user ’s version of the STAR model . Onl y local variables tha t are

required for the modi fi cation are described ,

1. PREAMBLE V .

The i nteger attri bute, FA , was added to the attri bute list of the

tempora ry enti ty , TA NK . It indicated that the vehicle belonged to the FO;

otherwise its value was zero . A number of the following modi fi cations

check this attribute when preventi ng the FO from performi ng inappropriate

activities .

2. Routine RED .CREATE

After Re d un it s are crea ted , the array called C.~4UMBE R .ARRAV i s

dimensioned dynami cally. The dimension increases as the additional forces

are created.

Coding and Brief Explanation

37 IF TIME.V LI 120 JUM P AHEAD ELSE

38 RELEASE C.NUMBER.ARRAV (* ,*,*)

39 HERE

40 RESERVE C.NUMBER.ARRAY( *,*,*) AS BC .COUNT BY N .FO BY

41 MAX .NUMBER .OF .MISSIONS.PER.FO

~35
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Lines 37—39 release the array only if it had been previously reserved .

(Time 120 is the second time Red forces are created . This was specifi c

for this given scenario and set of runs. )

Lines 40-4 1 reserve the array according to the total Red forces that

hav e been create d .

3. Routine BASIC.LOAD

Routine BAS IC.L OAD provides ammunition to the Bl ue fo rces . When

the FO’ s v e h i c l e  ( an ITV wi th WPN .TYPE(TANK) = 4) is being armed , a fi lter

was applied that skippe d the ammunition supply and changed the value of

the variabl e OP.RNG to equal the FO’s maximum ran ge for locating targe ts.

Loca l Var i able

A — An intege r variable representing the FO’ s veh i cl e.

Co de

17 IF NAME (A) = 3 OR NAME(A ) = 78 OR NAME(A) = 79

LET OP.RANG(A) = 3800 JUMP AHEAD ELSE

19 HERE

4. Eve nt TARGET.SELECT

Event TARGET.SELECT simulated the procedures used in selecting

a di rect fi re target. A fi l ter was added that prevented the FO from

select ing direct fi re targets (by returning contro l to the system timer).

5. Event IMPACT

Routine ItiPACT simul ates a di rect fire round arriving at the

target. Event ALT.FO is scheduled if the FO’s vehicle is k-killed . When

the first Red tank is k—killed by a TOW fi red from team B’ s position , a

MRL.IMPACT is scheduled.

Local Va riab les

ID - An i nteger variable representing the vehi cle tha t was

f i red at.
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A - An intege r vari able representing the vehicle that did

the firing.

Coding and Brief Explanation

35 IF FA(ID) NE 0

36 SCHEDULE AN ALT.F0(I D) IN 100 UNITS ALWAYS

37 HERE

33 CALL TALLY .HIT.STATE(ID ,DAMAGE.NUM )

39 ‘ ‘D ECISION RULE FOR RE QUESTING MRL

40 IF CO(A) = 2 AND (WPN.TYPE (A)=3 OR WPN.TYPE(A)=4 ) AND ALIVE.DEAD( ID)

41 PR000(,\ ’ =l V~ND WPN.TYPE (ID)r7

42 THEN IF TOW .KOUNT 0

43 LET TOW .KOUNT I

44 SCHEDU LE AN MRL .IMPACT(X .CURRENT(A) , Y.CURRENT(A)) IN 300 UNITS

45 ALWAYS

Lines 35-36 schedule the search for the FO’ ; replacement.

Lines 40—41 chec k whether this impact was a TOW fi red from team B

whethe r it killed a Red tank.

Lines 42-45 schedu le a voll ~ v from the MRL battery the fi rst tim e

that a TOW was fi red from team 3 and I~i l1 ~ d a Red tank .

6. Event STOP .SIMUL ,ATION

Event STflP.SIMULATION prints the fina l st~it is t ics c~f t he 5att le.

Attri butes of all the FA entities were pr inted.

Co de

20 START NEW PAGE

21 L IST ATTRIBUTE S OF EVERY FO

22 LIST ATTR IBUTES OF EVERY BATTER Y

23 LIST ATTRIBUTES OF EVERY FOC

24 LIST ATTRIBUT ES OF EVERY MISSION IN MSN.QUEUE

13 7
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25 LIST ATTRIBUTES OF EVERY MISSION IN HOLD UiG.MSNS

7. Rou tine LIST.UPOATE

Routine LIST .UPDATE updates the target list of a vehicle and

schedules the selection of a target. A filter was added that insured F

that the FO did not select a direct fi re target (by returning control

to the cal l ing event) .  V

3. Eve nt STEP.TIME

Event STEP.TIME schedules detectio ns for Red and Blue elements .

It releases a vehicle ’ s target list i f that vehicle is in or joinq into

ful l defilade (OEFNUM 1), simulating the tank commander ’ s loss of

l ine of sight to his targets . If the FO’ s vehicle is in Jefilade , it

is reasonable to assume that the FO woul d still be involved in target 
V

acquisition and not forget his targets. A filter was added that ensured

that the FO’ s target list was not rel eased. Another modification was

added that checked the di stance between the two vehicl es to determ i ne if

the opposing veh ic le  is  w i th in  1500 meters . If so,  the Red planned fires

were scheduled to be termi nated ii 1 1( ’) 
~~~~~~~~~~~~~~~

Loca l Var iab les

A - An i nteger variahL ’ repi ‘~~n ti n g the vehi c le being

checked.

R - A real var iab le equa l t~ the range between the two

vehic les (one Red and one Blue ) .

Codin g and Brie f Expl anatio n

12 IF FA(A ) NE (3) ~lO TO LIST I  ELSE

20 ‘LISTi ’

N IF ~ LE 1500 SC~iEDULE A SHUT .OFF 1~i I~ l LIN ITS ALWAY S

Line 12 trans fers contro l around code tha t re l eases the vehicles li ; t

whe n in full def ilade .

I 3~ 
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Line 39 checks range between opposing vehic les . If less than 1500,

a termination of Red fi res is scheduled .

9. Even t DETECT

Event DETECT simulates the detection of a vehicle. If a de tection

Is scheduled and the detected or detecting vehicle was In full de filade ,

the detection was not allowe d to happen . A filter was added to ensure

that the EQ continued to detect targets even while in full defilade (by

tra ns ferring control around the re l easing code). If the FO’ s ve hi cle i s

in de filade , it is reasonable to assume that the 10 would s till be in-

vo lved in target acqu is i t ion .  One of the members of the fi re support team

woul d dismount the vehi cle and move to high ground in orde r to be able to

o bserve .

31
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V I.  A SIMUL ATED FIRE MISSION

The direct support ar t i l lery fir ing unit provides an excel lent example

of the Field Artillery system and how it operates. This chapter presents

one represen tative mission from a production run of the current STAR model

wi th the F4 module added , A m i ss i on fi red by a four gun fi ri ng unit of

a 15 5mm MlOO howitzer battery (armo red d iv i s ion )  was simulated. Figures

5— 17 demonstrate the effects of the mission along with the detailed computer

output ava i l ab le  w i th  the DEBUG option set equal to 5 . The output fo l lows

each phase of  the miss ion , giv ing de ta i l s  that were used to make the plots ,

and the time of each event’ s occurrence. Battle time is shown in seconds

from the beginning of the simul ation.

The battery was in direct support of a battalion — sized task force that

had three FOs. The FO wi th company team B considered all vehicles that

he had detected pri or to clusteri ng. Figure 5 shows the plot of  these

vehicles. The FO then clustered al l  the vehic les that he had detected as

of battle time ?22. Fi gure 
6 shows the plot of the FO’s position and the

vehicles after they were placed in clusters . Figure 7 is the compute r

output that g i ves the following information : Cluster number (as indi cated

in Figure 6 ) .  priori ty , number o f veh i c les i n clus ter , the X and Y coordi-

nates of the cluster centro id , the speed and direction of the cluster ceo—

tro id , and the X and Y coord i na tes o f the first vehicle placed in the clus-

ter. The FO decided to adjust fi re on cluster number 1 (the cluster with the

highes t priori ty ) and to use DPICM amm unition. The 10 called for fire over

his radio to the second firi ng unit FDC. His call for fire included the

location of the target, Its description , and requested a method of engage-

men t and i method of fire and contro l . The EDO accepted the 10’s reques t an d
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FO 3 CLUSTERING TIME = 922.2

CLUSTER ARRAY FOR FO# 3
NUM $ PR I X V SPD ~IR XF IR YF IR H

1 8. 5.9 2428. 7576 . 3. —2 . 2506 . 7464 .
2 6 . 2 .9 4606 . 8398. 6. -3. 4579. 841 2.
3 2. 0 . 4983. 8753 . 6. -2. 4965 . 876 5 .
4 4 . 1 .7 4990 . 821 1 . 6. -3 . 4896 . 8246 .
5 4 . 1 .6 5301 . 8184 . 6. -3 . 5206 . 81 30.
6 3. 1 .0 5766. 7969 . 6. — 3 . 567 0, 7994.
7 0. 0. 0. 0. 0. 0. 0. 0.
8 0. 0. 0. 0. 0. 0. 0. 3.
9 0. 3. 0. 0. 0. 0. 3. 3.

10 0. 0. 3. 0. 0. 3. 3. 0 .
11 0. 0. 0. 0. 0. 0. 0. 3.
12 0. 0. 0. 0. 0. 0. 0. 0.
13 0. 0. 0. 0. 0 . 3. 0. 3.
14 o. 0. 0. 0. 0. 3. 0. .) ,
15 0. 0. 0. 3. 0. 3. 0. 3.
16 0. 3 0. 0 . 0. 3 . 3 . 3 .
17 0. 0. 0. 0. 0. 3~ 3 3
18 3 . 0 . . 3. 0. 3. 3 . 0. 3.
19 0 , 0. 0. 3. 0. 3. 0. 3 .
20 0. 3. 0. 0. 0. 3. 3. 0.

FO 3 COMPUTING MSN MS~ 13 
V

SPC 3. ( 242S. V ~57G. DIR — 1 ,6
FO RANGE TO TGT 6~4.

Figure 7. Clus ter info rii~ation.
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FO 3 ( 13 ) FDC PROCESSING TIME S )51 .
FDC 1 0 MSNS 1 BIRY 0 QUEUE
FDC 2 0 ~1SNS 0 BTRY 0 QUEUE
FOC 3 tO FISNS 3 BTRY 0 QUEUE

FO 3 ( 13 ) CHECKING GUNS TIT1E~ ~6O.
BTRY 2 GUNS 0

FO 3 ( 10 ) FIRING GUNS TIllE a 0S 1
BTRY 2 VOLLEY 3

FO 3 ( 10 ) ARTY ~~PACT T:t1 E~ 13O~
..

BTR Y 2 AD O RD 1 IS l~ 2. METE RS ~~2M

FO 3 ( 10 ENTERING FFE TIME S 1 006.

Figure ‘
~~. Computer O u tpu t :  T ime ‘~5I-I306 .
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FO 3 ( 10 ) FIR ING GUNS TI ME~ 1 340 .
BTRY 2 V O LLEY 1

FO 3 ( 13 ) ARTY IMPACT TIME~ 1063.BTRY 2 VOLLEYS LEFT 3

MISSION NUMBER 10
T IME 1063.  

4

CLUSTER CENTER 2594. ‘047 .
FUTURE LOC 2519. 6921 .
MPI LOCATI ON 2562. 5~ 09 .
LOCATION OF RD~ 1 2 b95 . ~~52.
LOCA TION OF RI3~ 2 2553.
LOC 1T ION OF R~~ 3 2543. 5~36.
LOCAT ION OF R3~ 4 2 463 .
NUMBER OF rINK S N REd -

LO CA TION OF TANK ~ 36 246 1
LOCATION OF TV \ NK ~ 2675.
LOCA T ION OF TAN K ~ 99 :747. 5329.
LOCATION OF TA N K ~ 123 2576. ‘042.
LOCAT ION OF TANK ~ 132 3612. ‘064 .
L OCA TION OF TA N K ~ 133 267 1 . ‘3 .$ .
LOCATION OF V \ NK 1 134 2761 . 591 1 .
NUMBER OF TANKS IN CLUSTER
LOCA TION OF TANK ~ 274 ’ .
LOCATION OF TANK ~ 120 3 3 70.  ‘ 23 2 .
LOCATION OF TANK s 12 1 241 ). ‘331 .
LOC ATION OF TANK ~ ‘ 3  5~6. 

‘342.
LOCATION ‘OF TAN K ~ 131 2612 .  ‘064 .
LOCATI O N OF ~A N K  ~ 133 2671 . 7023.
L O CA TION OF 7-I N K ~ 134 2761 . 6~ 3 1 . 

TAN K ~ :‘b WA~’ F~~ E D ON
RD~ 4 LVANP ED 22 . ‘4~~~~5 ~ROM T.A N~~ 

V~ f; 

T ANK 3 -
~~ W V VI

~~ ~~~~~~~ ON 
T A NK ~ .~9 ~A S F IR E D ON 
T A N K  ~ 123 ~A S F HR E D ON 
TANK ~ 132 ~A 5 FIR ED ON 
TANK ~ 133 WAS FIRED ON 
TANK ~ 134 .~A S ~~RED ON

~3 3 13 F iVR IN~ 3UN S r:ME~ 1364 .
V3T RY 2 V 0 LL~ Y 2

Figu re ~~~~~. Co mo uter Out: 1ut:  T’’1t~ 030— 1054
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Fi gure 12. Second volley in FFE phase.
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FO 3 ( 10 ) FIRI NG GUNS TIME= 1085.
BTRY 2 VOLLEY 3

FO 3 ( 10 ) ARTY IMPACT TIME= 1087 .
BTRY 2 VOLLEYS LEFT 2

MISS ION NUMBER 110

TW E 1087 .
CLUSTER CENTER 2640. 5924 .
FUTURE LOC 2 518. 6831 .
MPI LOCATION 2547 . 6333 .
LOCATION OF RD# 1 2561 . 57 33 .
LOCA T ION OF RD~ 2 2560 . 63 77 .
LOCATION OF RD= 3 2549. 6035 .
LOCATION OF RD~ 4 2443~ 6390 .
NUMBER OF T, NKS IN RECT .3
LOCATION OF TANK s 36 2513 . 5339 .
LOCATION OF TANK ~ os ‘35 . 6733 .
LOCATION OF TANK 9 2~ 94 . 57 04 .
LOCATION OF TANK ~ 120 2407 . ‘13,3 .
LOCATION OF TANK ~ 1 21 2456 . ~121 .
LOCATION OF TANK 123 2625. 6010 .
LOCA TION OF TV - INK ~ 132 2562. 6331 .
LOCATION OF TANK 133 2~~ 1 .
LOCATION ‘OF TANK 134 2 3 12 . 677S .
NUMBER OF ‘V INKS IN 2LUSTER
LOCATION OF TANK ~ 

2’94. 57Q4~
LOCATION OF TANK ~ 120 2407 . 7 132 .
LOCATION OF TANK ~ 121 24 56.  ‘121 .
LOCATION OF TANK ~ 1 23 262 5 . 50 1 0.
LO CAT I ON OF TANK ~ 132 25 6 2 . 50 01 .
LOCATI ON OF TV -1NK ~s 133 2~~ 1 . 6395 .
LOCATION OF ANK 134 232 1 . 

TA NK ~ 86 WAS FIRED .0N
RDó 1 LANDED 37 . METERS FROM TAN K# V

~~t3 

‘
~ NK ~ ?S WAS FIRED ON 
TANK ~ 39 WAS FIRED ON 
TANK ~ 120 WAS FIRED ON 

~,ANK 121 WAS FIRED ON
4 TANK ~ 123 WAS FIRED ON
I TANK ~ 132 ‘WAS FIRED ON

L 

\ NK 133 WAS ~IRED ON 
T.ANK ~ 134 WAS TIRE D ON

Figure 13. Compu ter Output: Time 33.5- CS .
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FO ( 10 ‘
~ ARTY IMPACT TIME~ 1108 .

OTRY .1 VOLLEYS LEFT 1

M ISSIO N NUMBER 10
TIME 1108.
CLUSTER CENTER 2679. 6818.
FUTURE LOC 251 7. 6742.
MPI LOCATI ON 2466. 6767.
LOCATI ON OF RD.1 1 2483. 6675.
LOCATI ON OF RD~ 2 2465. 6723.
LOCATION OF RD~ .3 2423. 6763 .
LOC ATION OF RD# 4 2404. 6807.
NUMBER OF TANKS IN RECT 5
LOCATION OF TAN K 2567. 6691
LOCATION OF TANK .

~ 120 1439 . 041.
LOCATION OF TAN K ~ 

3 4 3 )  
~O31

LOCATION OF TAN K ~ 12 3 266 0 . 6791 .
LOCATION OF TANK 1 31 2 7 0 7 . 6811 .
N UMBER OF TANKS IN CLUSTER I’
LOCAT ION OF TAN K ~ ~~~ 2331 . 6607 .
LO CA TION O F TANK ~ 120 2 4 V 3 9 . 7042.
LO CA TION OF TANK ~ 12 1 24$~

). 7031.
LOCATION OF TANK ~ 12~3 2669 . 6791 .
LOCAT ION OF TANK 3 32 1707 . 581 1.
LOCA TION OF TANK ~ 133 27 67 .
LOCATION OF TANK 1 34 2354. 6669. 

T N K  ~ 16 WAS FI RED ON 
TA NK ~ 120 W A S FIRED ON 
fINK 123 WAS FIRED ON 
TANK ~ 132 WAS FIRED ON

1 ) FIRING GUNS TIME= 1109 .
BTR Y 2 VOLLEY 4

Fi jure 15 . Compute r O u l put :  Time 1108— I O’~.
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FO 3 ( 10 ) ARTY IMPACT TIME: 1132.
BTRY 2 VOLLEY S LEFT 0

MISS ION NUMBER 1 0
TrME 1132 .
CLUSTER CENTER 2722. 6705.
FUTURE LOC 2516. 6652. V

MPI LOCATION 2462. 6596 .
LOCATION OF RD# 1 2548. 6534 .
LOCATION OF R0# 2 2447 . 6 538.
LOCATION OF RD~ 3 2476. 6645.
LOCATION OF RD~ 4 2387 . 6616.
NUMBER OF TANKS IN RECT 3 V

LOCATION OF TANK ~ 86 1575. 6670 .
LOCATION OF TANK ~ L23 2713. 6659.
LOC ATI ON OF TANK ~ 132 2 755 . 6684 .
NUMBER OF TANKS IN CLU STER 7

LOCATION OF TANK ~ ‘
~~~~ 2375 . 6491 . V

LOCATION OF TA NK - 120 2476 . 6941 .
LOCATION OF TAN K -s 121 2525 . 6931 .
LOCATION OF TANK -~ 123 2713 . 5659.
LOCATION OF TANK ~ 132 2755 . 6684 .
LOCATION OF TANK ~ 133 281 1 . 6660.
LOCAT ION OF TANK ~ 134 2893. 5567. 

TANK ~ 86 WAS FIRED ON 
TANK ~ 123 WAS FIRED ON 
TANK ~ 1 32 WAS F IRED ON

FO 3 K 1 3 ) END OF MISSiON TI~1E~ 1 1 32.
BT RY 2

Figu re 17 . Computer Output : Time 1132-1141 .
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the battery computer system (BCS) provided a solution to the ballistic

V 
problem of getting the rounds to land on the target. The firing data for

the fi rst adjusting round was sent to a howitzer section. The section 
V

chief posi t ioned his howitzer for direct ion and e levat ion  in accordance

with the fi ring data . The specified amun ition , DPICM , was p re pare d ,

loaded , and f ired at bat t le  time 983 . The FO located the impact point of

the adjust in-j rour~ (Figure 8). Since the round landed within 300 meters

of the cluster centroid (radial error to 132 meters as i ndicated on Fi gure

)~ the FO entered the fire for effec t phase FFE) when he sent his fi rst V

corrections to the FDC (at battle time 1006). All weapons in the firing H
unit then fi red at their maximum rate of fire for four volleys . Fi gures

10 and 11 ~jive the plot of the firs t vol ley and the computer output for

battle time 1040—1064. Figures 12-13 give the p lot of the second volley V

and the computer output for bat t le  time 1085 — 108 7 . Fi ju res 1 4 — 1 5  g ive the

plot of the third voll e y and the computer output for battle time 1108— 110 9.

Figure s 16—1 7 give the plot of the fourth voll ey and the computer output

for battle time 1132— 1142 . The FO observed the effects m d  ended the

mission at battle time 1142 (as indic ated on Figure 1 7~ .
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V I I . EXTENSIONS OF THE BATTALION MODEL

Two major tasks in any modeling effort are deciding which functions

to mode l and determi ning the subsequent level of detail. These dec i s i ons F
are a func tion of the intended applic ation of the model and the resources

ava ilable. When new app l ications arise and additional resources are

ava i lab le , the mode l can be modified and extended as desired. A number of V

enhancements to the Field Artillery model meri t consideration and are

disc ussed in th i s  chapter.

A . TARGET AC Q UISITION

) ~\ very simple cluster priori ty scheme was used . A more ela bora te

weighting scheme could be Jeveloped that should consider , at  the least .

the type of vehicle , the current status of the battle , and a shifting of

priori ty for range based on range bands

2) The FO used adjustment procedures that estimated the time duration

be tween his cal l  for f ire and the round/vol ley impact. A n a l t e rna t i ve

method would be to use time on tar’~et (T OT ’
~ procedures , e. th e FO tel~ s

the FDC the exact time that he wants the round/volley to land. One vari-

able in the extrapolation would be el imi nated at the expense o~ Incr eas ing

the duration of the ~i ss i on.

3) Another method of observed fi re is to fi re for effect ~itho ut ~rior

adjustment. The resulting miss distance might prove to be acceptable in

li ght of the quick er servic ing of the target and ncre effici en t u til i:a t io n

of a scarce resource (the firing unit).

~
) Tar gets that ire acqu ired from a sse t s  not o r lan i c  to the ba t t ’ r ~

level co uld ~e externall y generated after a suitable delay that simulates
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the time of processing and the communication of the info rmation to the

firing unit.

B. COMMAND AND CONTROL

The current mode l does not consider the effectiveness of munitions

an d the massing of fi res in determining the numbe r of vol l eys to fi re

in the FFE phase. An algori thm could be devised that would determi ne

the best method of engagement (e.g., how many units to fire and how many

volleys to f i re) to achieve a desired level of ef fect iveness ( commander ’ s

guidanc e) .

C. AMMUNITION V

1) The use of cannon launched guided projectiles (CLGP) was not

modele d . An excel len t extension would be to model such a capabi l i ty .

usin g a two gun platoon from one of the 155mm fi ring units. Externa l to

the model , visibility diagrams would be made of the area on which the ~ed

units would advance. The areas of uni nterrupted visibility would be

used to select proper target areas (called footprints ) in whi ch the FO

may attack using CLGP. Be fore he clus ters , the FO would consider the

future areas in w hich he woul d have line of s i ght of enemy veh ic les  for

at least 15 seconds . After choosing the cluste r with the hi ghest priori ty

of those which would move through one of the footpri nts , the FO would

request that some numbe r of CLGPs be fi red into that footprint.

2) The use of Fiel d Artillery delivered mines woul d assist in disrupt —

ing enemy movement and/or destroyin g vehicles . The effects pattern would

be predetermi ned . When the vo l ley  impacts , the effect iveness -can be deter-

min ed from the mean point of imp act of t~1e vo lley . As enem’. ve ni c le s

enter the area , an assessment of the damage due to nines can be made .
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3) Ar tillery del i vere d smoke can be fired in support of both offen-

sive and defensive operations . A smoke module for the STAR model is

un der current development. When a smoke round impacts , the smoke module

would be called to generate the proper obstruction and restriction of

visibility for some prescri bed time .

D. DAMAGE ASSESSMENT

Suppression was not modeled because there is no operational defi ni-

tion that is generally accepted and therefore no da ta base exists . As an

exploratory alternative , a p arame tri c ana ys i s of su pp ress i on effec ts V

coul d be accomplished in the following manner , Suppression could be

arbitrarily defi ned (for armored targets ) with the following characteris -

tics : 1) the time period of suppression would be from impact of the first 
V

round unti l 5 secon ds af ter th e last  round , an d 2) tank crews woul d be V

prevented from engagi ng with di rect fire and woul d lose all detections

duri ng the period of the suppression . The lethal area for suppression

would be a constant multiplied times the appropriate k— kill lethal area .

There would be a radius of suppression effects within which the time of

suppression would be a function of the miss distance . As an i ndividua l

parameters (lethal area of suppression and effects on the crew ) and the

time function are varied , the sensitivity of the model to these para —

me ters could be examined ,
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V III. THE BRIGADE MODEL

This chapter outlines the general requirements for a Field Artillery V

model to support the brigade level version of STAR . The major areas

addressed (in addition to those found in the FA battalion model) are

resource allocation , coun terfi res , fi re support coordi nation , additiona l

target acquisition capabiliti es , and the movement of firing uni ts . Only

the Bl ue organization , equi pment , and tactics will be discussed. The ~ed

force can be modeled in a manner s i m i l a r  to the Blue force , dependent

upon the specified resolution , scenar i o , and data base.

The i deas in this chapter are prima rily the author ’ s and are tenta—

tive , not having yet been modeled. More work an d researc h i s requi re d

to validate the concepts discussed herein . The organizations , priori ti-

zations , and tactics are for purposes of  i l l u s t r a t i o n  only.

A . BLUE MISSIONS AND ORGANI ZATION S V

The bri gade level FA mode l should simulate the coordi nation of all the

naneuver commander ’ s fire support assets. Fire support elements in the

bri gade area that should be mo deled are :

1 - 81mm mortar

2 - 4.2 i nch morta r

3 — 155mm howitzer

4 - 203mm howitzer

5 - General suppor t rocke t system (GS RS )

6 — A— 1O aircraft (Air Force close air support aircraft)

7 — Advanced attack helicopter (AAH )
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.A 155mm M1O9A 1 battalion (six 4—gu n firing un it s~ would be in direct sup-

port of the Blue maneuve r brigade . Each battalion task force within the

bri gade would have a battalion fire support officer (Sn FSO) and three fire

support teams (FIST). Each FIST would consist of either one forward obser-

ver (armor configurat ion ) or three fo rward observe rs (mechanized infantr y

configuration) . One battal ion (three 4—gun firi ng units) of reinforcing

artiller y would bepresent in the brigade and respond to requests for addi-

tional fi res from the OS battalion. A battalion of 203mm/~SRS artillery

would be in the brigade area , with a tactical mission of genera l s~ pp~ rt

reinfo rci ng (GSR). This type of miss ion requires the FA uni t to Ht~n i ’h

FA fi res to the division as a whole and to reinforce the fires c~f the OS

bat ta l ion  as a second priori ty . Each bat ta l ion task force would he equ icred

wi th  the appropri ate number of Simm and 4 .2 inch mortars , dependent upon

thei r configuration. Close air support assets would he request ea t’r~ ugh

the tactical air contro l parties (TACP) located at battalion headquarters

and at brigade headquarters . The d ivision av iat ion assets woul d he requested 4
through the appropriate battalion or hri gade leve l oper ations office r.

B. ~ESOURCE ALL OCATION AND THE COU NTERF IRE MISS CN

Counterfi re is the attack of enemy i ndi rect weapon s~ stems , ~ic1 u diic

indirect fire weapons and targe t acq uis i  t ion devices . C~~unter~~ ~~~~ tar .~ets

woul d normal ly be attacked using division ~or higher level ’ assets , su ch

as the GSR battalion located in the bri gade area m f responsihi~ i t’ . These

asse ts would fire almost exclusiv ely at counter fi re tarq ets The f~ i low i ng

priorit y scheme is suggested to he used for counter ’~re tarqet ’ :

- ~4uc lea r de l ivery capable units .

2 - Target acquisition ~1ni t s .

3 - Command and control

1 ~;
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4 - Roc ket/m i ssi le arti llery .

5 — Can non artille ry .

6 - A ir  de fense units .

7 - Mortars .

8 - General.

Attacking mortars would be a responsibility of the direct support and

reinforcing artillery ba ttalions. The maneuver commander woul d decide if

and when to use the assets ~ thin the bri gade for this counterfi re function.

The modeling of the counterfire functions for the division artillery

should be considered separatel y from the fires of the bri gade . Using the

simplified network concept from the FA ba ttal ion m ode l , the GSR battalion

(plus any other battalions) could easil y be mode l ed , provided that a

priori ty scheme is developed ~ place targets in the waiting queue .

Each Blue fi re uni t would be designated either a bri gade asset or a

division art i l lery asset at the begi nnin g of the battle , based on the

scenari o and the artillery organization. Those assets that are desi gnated

counterfire would only fi re counterfires , while those assets tiat are a

brigade asset would fi re in support of the bri gade using tie hr~ ‘a de ’ s

priori ty scheme for targets . The resource a l locat ion of these un its  cou l d

either be fixed or allowed to change dynami call y during the course ~f t~e

ba ttle. For exam p le , if the bri gade is withdr awing or in a counteratt ac k ,

the allocation could be changed.

C. TARGET ACQUISITION

The prima ry target acquisition assets for the F,A bri gade model wo uld

be the fo rward observers , the VAN/TPQ 36 rada r (mortar locating radar ’, the

AN/TPQ 37 radar (artillery locating radar ) , the airborne standof~ tar let

acquis i t ion  system (SOTAS),  and aerial  observers (A Os ) from the d i v i s i o n
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artillery aviation section. The info rmation gathered by each of these

sources could gene rate a target to be evaluated for attack , either by the 
V

bri gade fire support coord i nation system or the division artillery counter -

fire system . Each target so generated would have the following

character is t ics :

1 - Ti me target was detected.

2 - Target ’ s moveme nt sta tus: stati ona ry or moving.

3 - Type of mission (categori es are the same as descri bed for
the bri gade ’s target priori ty list) ,

4 — Location accura cy in term s of CEP (circular error probable). V 
V

5 — Preempt status - Is th is mission important enough to take
an asse t awa y from a mi ss i on i n progress~

6 
- Target type (XMl , T~~, 155mm battery , etci.

The rada rs woul d be modeled as the pri ma ry target acquisition capability V

for those fi re support assets responsible ~or countennortar and counter—

battery fi res . Since the AN , TPQ 36 rada r is designed to locate mortars ,

a data l i nk between the AN ,V’TPQ 36 rada r and the OS artillery battalion

TA CF IRE woul d be esta b lishe~ . A similar data link would be estat~1i sh ed

between the ~N , T~~ 3~ radar and the GSR batta lion from the division arti~ —

lery ’ s asse ts .

Sound and flash bases would be located in tie forward areas of the

brigade sector . Their pri ma ry responsibility woul d be to cue the radars 
V

(tel l them when to turn on~ . The radars would normally be in a standby

mode , to l ower thei r vulnerability to enemy acquisition. The sequence of

actions for tie sound and ~lash bases and the radars woul d he:

- Sound or ~l ash base senses that the enemy fi red ..

2 — Soun d or ~lash base communicates the inf ormati on to the radar .

3 - The radar turns itself on.

V 
4 - The radar detects the enemy round.
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5 — The radar determi nes the location of the fi ri ng unit.

6 - The radar transmits the ta rget information to the appropriate
artillery unit.

A ctions 1 ,2,3,4, and 6 would occur based on probability distributions.

Ac tion 5 would generate an error in X and V coordina tes that could be

applied to the known fi ri ng unit location to determi ne an apparent target

loca ti on.

The radar woul d have to be sited considering line of sight , terrain

m ask ing, and the technica l limi tations of the radar being simulated. The

moae l ~oul d check the X— Y pl an e of the radar ’ s detection envelope for tie V

actual enemy fi ring unit locations . ‘ the firing unit was ins ide that

X— Y pl ane , the rada r would be capable of detecting t~ie round t ia t  nad ‘ee n

fired .

The SOTAS device would be installed in an a i r c r a f t  and f lown a l c n g  t ie

bri gade ront . t woul d be concerned with detect ing loving targets to 
V

the rear ~f the enemey ’ s front li n e battal ions. The air mov ement modu le

would V
~~ ve the aircraft along a predesi gnated fli ght patn . The targets

acquired and the location error of cad woul d he a ~uri ctio n of tne ~rima r~

a:i.nuti of the device and a p robabi lit y funct ion tiat •~ouid mode l the

SO VA S detect ion rate. Oat a concerning any target  tia t  ~vas acquire d ~cu l i

he transmitted to the maneuver bri gade S— 2 . After a spec i ied d ClO V . , tie

bri gade SO woul d get the in fo rmation and determi ne wnether and how to

engage the target.

- : The aerial observers would be mo deled in a ~~ s im~ lar to t ie S V ’TAS ,

except that an airbo rne human observer detection ni uti ne wrula be used.

The information on the targets that we re acqui red wou ld he sent d irectl y

to tVb C DS ~a t t a l i o n  ~DC.
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D. FIRE SUPPORT COORDINATION

Fire support planning and coor dina tion are accomp lished by the maneuver

commander and the fi re support coordination officer at battalion and bri gade

level.

It can be anticipated that the number of targets acqui red and availabl e

to be serviced by brigade assets woul d exceed the brigade ’ s target servic-

ing capability . The maneuver commander must establish priorities for his

fire support assets to follow . VA fl examp le of priorit i:a tion would be:

MISSION TYPE DR OR ITY

Direct fire (suppression) I

A ir defense suppression 2

Counterfi re (mortars ) 3

Smoke 4

Comma nd and con trol 5

FASCA M 6

- I - n
LLUr

Direct fi re (destruction) 3

Rear echelon - supply

Rear echelon — assembl y area 10

Each target generated by a forward observer is sent to the ~~S’ c h i e ~

and monit o red by the bat ta l ion FS O . The ~~ST ch ief  ciec ks whether the

fire support assets available at hi s level (Simm mortars , 4.2 m c i  mortars ,

and direct support artil lery ) are capable of furni shing effective fire

support . The FIST chief checks his list ~f assets for the most effective

means of attacking the target. If the fi re suppor t asset is available

V 
and the target is within ra nge , the FIST ciie f sends the targe t data to

that fi re support asset , if the most e ffective asset is not available ,

the FIST chief searches for the next best asset . f the FIST chi e f does

_____ - V V ~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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not have enough assets available at his l evel , he requests addi tional sup-

port from the brigade FSO through the Bn FSOS. If the target has an i mme-

diate priori ty , it preempts a current mission. The brigade FSO goes through

a similar process of matching up h is resources with his priori ty targets.

If all assets are busy at the bri gade level , the target is placed in a

queue , to wait until an appropriate fi re support asset become s available.

When the fi re support asset becomes availabl e , the FSCOORD at the appro—

priate level checks for the highest priori ty target wai ting to be serviced.

He selects the highest priority target that can be fi red , allowi ng under

utilization of the asset in exchange for jetting the highest priori ty

target serv i ced. These decisions depend upon a numbe r of factors and 
V

current constraints generated in the scenaria used and the “comman der ’s V

gui dance ” .

This coordination and decision m aking function could be simulated

through the use of a fire support coordination array (FSCOORD array ) of

priori ties. Based upon military jud gement for the situation and on the

scenario mode l ed , a rank order of effectiveness and priorit y could be

devised to facilitate the FSCOORD planning and decisions. A sam ple array

is shown in Table I. A S an example of the array ’ s use, consider a

nission type of air defense suppression (mission type—2) . The array 
V

i ndicates that the best asset is 4Th (the l owest numbe r in row two). i f

the AAH asset was available, the FIST chief would reques t it through the 
V

battalion operations offi cer. If the AAH was not available , 155mm cannon

artillery would be requested. If no appropri a te asset was available, the I
target would be placed in a queue , waiting until an asset became available.

when an asset became available, it would take the target w i th the h ighest

priori ty as long as the asset was capable of servicin g tha t target.
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TV \B LE I

F i re Support Coordi nation Array

V~ ISS ION
TYPE ASSET TYPE

01mm L2 in 155 20.3 ‘\~ 1 1

I 1 4 5 V —

2 — — .1 3 —

V S

V 2 1 3 4 —

V 2 1 V 4 5 S -

5 — —

6 2 1 3 —  —

7 — — 1 — — — V
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V S S
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A num ber of logi ca l rules woul d have to be formulated to ensure

that appropriate decisions were simulated for the FIST chief/Bn FSO and

the Bde FSO. The followi ng set of rules if for purposes of illustration

onl y:

1 - If requesting an A-l U asset , enemy air defense would have to

be su ppressed prior to committing the A -lU’ s (AA H or other asset).

2 — If the target was a moving target , it would be cancelled if

more than three mi nutes had elapsed since the position had been

reported.

3 — If the target was stationa ry , it woul d be cancel le d if more

than 20 minutes had elapsed since its position had been reported

(this time woul d be a function of target type).

4 — Targets with a large potential error in l ocation night not be

engaged , depending upon the targe t type (a soft , stationary ,

important target like a Red division command post would be attacked

even if the error in location is potentially large).

— Target must be wi thin range of asset,

E. MOVING FIRING UNITS

The Field Artillery moves onl y to continue the mission or to increase

survivability . New locations for artillery units necessary to support

ant i cip ated maneuver force movemen ts woul d be p rep l anne d . When a

speci fi ed event occurs (e.g. the battalion task force moves to alternate

positions or the bri gade counterattacks), the artillery will move to

the preplanned positions , ensuring that the movem ent of fi ri ng units

does not i nterfere with providing conti nuous fi re support. The duration

of trave l and the time requi red to be ready to f i re would be pr’~~ieter mined

insofar as possible. When the firing uni t reaches the new position and
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occupies it , the firing unit would be ava i l ab le  for missions (mi nus any

assets los t enroute to enemy fi re).

A similar method would be used to move firing units to alternate

positions within the same genera l vicinity (1-2 kilometers per move).

The criteria that would trigger such a move to an alternate position

coul d be i ncoming fire , a given damage i ncurred , or a specified number

of volleys fi red.

F. CONCLUSION

The battalion Field Artillery mode l was developed to provide the

basic FA building block for the FA bri gade mode l and the major extensions

needed to construct the bri gade mode l were d iscussed.  Both the F’\

battalion mode l and the framework for the FA brigade model have been

developed wi th  the goal of providing a high resolut ion Field A r t i l l e ry

mode l tha t will assist the anal yst in unders tanding the relationships

and interactions of Field Artillery in the combat environment, ~

intended that the current FA mode l be extended and improved concurrentl y

with the STAR model , wi th the object ive of providing a v e r s a t i l e  mi J-

resolution combined arms comba t mode l for a wide variet y of m i litar y

applications .
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APPENDIX A

INPUT REQUIREMENTS

General

All Simscript input for the FA mode l is in free field card input;

that is , each data value must be separated by a blank space . This

is the only formatting requi rement. The Sinscript language also has

a capability to read in two dimensional arrays , reading in the values

row by row (e~j., List (1 ,l), List 1 ,2),...). 4 sample card or cards

fol lows the d iscuss ion of each set of  input values descri bed below .

Table II is a complete list of sample data in the required form .

RN .STREAM , DEBUG , FO.MIN.RANGE . FO .MAX V.RANGE

RN .SY REA M is an integer var iable equal to the selected random numbe r

stream. DEBUG is an integer variable that designates the amount of FA

output requi red (I — no addit ional data , 1 - each event documented ,

V 5 - each event documented and the array called CLUSTERS printed) . FO . V

MIN .RANGE and FOV,MAX .RANGE are integer vari ables whose values are the

FO’ s minimum and muaxiinuni allowable range within which he is allowe d to

initiate a fi re mission. These values could appe ar on a card as:

5 5 100 3800

which represents the fi fth random number stream , a DEBUG va lue that

documents each event and pri nts the array called CLUSTERS , and r~~ min imum

and maximum openi ng ranges of 100 meters and 3800 meters , respectively.

3OX.TOL~RAN CE , ~1IS: .T3LERANCE , FWD .JBS.MSN .TOLERANCE

BOX .TOLERANCE is the length of each side of the ‘box ’ ~ised to cluster

ve hi cles . MISS .TOLERANCE is an integer vari able equal to the iii nimum

1 t)0
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TABLE II. Com ple te list of sample i nput data.

5 5 100 3800
300 300 50
3 3 1 1 1
3 8 1 5 V

3 8 4 2 1 4
3 0 3
3 0 5 0
3 78 7 9
1 -3550 1200
1 -3000 900
1 150 -4500
4 1 -3500 1200 1000 1 18000 3 V
4 1 -3500 950 1000 1 18000 3
4 1 200 -4500 1000 2 21000 2
6 0 12000 12000 1000 4 13000 2
6 0 14000 13000 1000 4 18000 2

6 0 11500 12500 1000 4 13000 2
6 0 13000 12000 1000 4 18000 2
6 0 14500 13500 1000 4 13000 2 V

6 0 10500 12500 1000 4 13000 2
6 6 15500 12000 1000 4 18000 2
6 0 15000 15000 1000 5 21000 .1

0 0 0 0 0 0 100 300 400
O 0 0 0 0 0 200 700 900
O 0 0 0 0 0 600 1000 2000

100 100 200 100 600 100 0 0 0
100 100 200 100 200 100 0 0 0
O 0 0 0 0 0 20 40 80
0 0 0 0 3 0 20 40 100
0 0 0 0 0 0 3 0 0
10 10 80 30 100 30 0 0 0
20 20 60 60 100 100 0 0 0

o 0 0 0 0 0 200 400 300
0 0 0 0 0 0 400 1000 1200
0 0 0 0 0 0 1000 3000 4000

400 400 400 300 1000 200 0 0 0
300 300 200 200 400 200 0 0 0
0 0 0 0 0 0 50 100 200
3 3 0 0 0 0 40 100 200
O 0 0 0 0 0 0 0 0
50 50 100 100 150 100 0 0 0
50 50 100 100 130 150 3 3 0
3 0 0 3 0 0 300 500 600
0 0 0 0 0 0 400 900 1000
0 0 0 0 0 3 800 2000 3000

300 300 300 300 700 100 0 0 0
200 200 100 100 300 100 0 0 0

O 0 0 0 0 3 30 60 100
ml 0 0 ml ml 3 40 80 150
0 0 0 0 0 3 0 0 0
50 50 80 80 100 100 3 ml 0
40 40 100 100 150 150 0 0 ~

1 ‘;~~
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Table II (continued )

350 350 600 600 1200 1200 350 350 1200 1200

25 -75
-25 —25
25 25

—25 75

25 —75
—25 —25
25 25

—2 5 75

40 -120
-40 -40

40 40
-40 120

U

6.3 7.6 15
5.7 6.7 12.7

15.4 30 11.5
13.7 19 23 S

35 17.2 20.4
30 5 40 30 30 20
60 10 60 40 60 40
90 15 80 50 90 60
40 5 50 30 40 25
70 8 65 40 90 50
100 10 90 50 160 95 ‘

80 40 95 50 95 50
200 150 50 130 250 180
250 250 280 350 280 380
40 5 50 30 60 30
30 10 70 40 130 70
120 15 100 50 180 100
100 50 80 40 80 40
150 120 160 100 160 100
120 240 180 230 175 230
120 240 130 230 175 230

30 0
2 25 30
2 5
2 7 5  1~~ 5
3 25.85 2 ,25
VV~ I

17 .5 25
13 9
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radial distance between the adjusting round and the target , within which

the FO is allowed to enter the FFE phase . FWDSO&S .MSN.TOLERANCE i s

equal to the mi nimum distance allowed between the two fi re missions be-

fore the FDC cancels the more recent of the two fi re mi ssions . These

va lues could appear on a data card thus :

300 300 50

which represents the size of the box as 300 meters , the tolerance between

the adjusting round and the target as 300 mete rs, an d th e tolerance

between two current missions as 50 meters .

N.F0, N.FDC, N .RADIO, N.BATTERY

The addition of the pre fi x ‘N .’ to an entity ’s name is a system

variable that equals the tota l numbe r of enti ties of that type . The

comman d , “CREATE EACH ‘ENTITY ’ ,” creates the number of enti ti es specified

in “N . ’ ENTITY ’ ” . N .FO is the number of FOs to be created , N .FDC is the

num ber of FOCs to be crea ted , N.RAD IO is the numbe r of radi o frequencies 
V

to be created , and N.BATTERY is the numbe r of fi ring units to be created.

These values coul d app ear on a card th us :

3 3 1 11

which represents 3 FOs , 3 FOCs , 1 radio frequency , and 11 firi ng units.

AMT .BLUE .3ATTERYS, AMT.RED. BATTERYS, MAX .NtJMBER .OF.M ISSIONS. S

PER.F0, AMT .CALIBERS

AMT.BLUE.BATTERYS is the numbe r of Blue fi ri ng units created. AMT .

REDV. BATTERYS is the numbe r of Red fi ring units created . MAX.MUMBER.~ 2.

MISSIONS .PER .FV3 is the maximum number of fi re missions that any FO is V

allowe d to process simultaneousl y . AMT .CALIBERS is the number of differ-

ent artillery weapon systems . These values could appear on a data card

thus:

1 ‘1 
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3 8 1 5

which represents 3 Blue fi ri ng units , B Red f iring unit s , the maximum

missions per FO as 1, and 5 different art i l lery weapon systems .

N0.RANGE .BANDS, AMT .FA.TIME .DELTAS, LARGESTSNUM.W PNS, V

S AMT.AMMO.TYPES , AMT .MRL I AMT.FF E.VOLL EYS 
S

N0.RANGE .BAN DS is the numbe r of range bands used in array RANGE .

BANDS . AMT .FA .TIME .OELTAS is the numbe r of time parameters used in

array FA .TIME .DELTAS V. LARGEST .NUM.WEAPONS is the maximum number of

weapons in any Blue fi ring unit. AMT.AMMO .TYPES is the numbe r of di f-

ferent types of amunition. AMT .MRL is the number of MRL batteries .

AMT .FFE.VOLLEYS is the number of the volley s to be fi red in the FFE

phase. These values coul d appear on the data card thus:

S 
3 8 4 2 1 4

wh i ch rep resen ts 3 range bands , 8 di fferent time parapmeters , 4 weapons , ‘1
2 types of ammu n i ti on , 1 MRL battery , and ~ volle ys in the FFE phase .

TGT.ACQ .ERROR

TGT.ACQ,ERROR is a two dimentions l array containing the error para—

I
t meters of the error distribution for the FO’s observation device ,

di fferent for each device (measured in meters) . The fi rst subscript

i ndi cates the type of observa ti on dev i ce (1 - laser , 2 - binocul ars )

an d the second subscript indi cates the parameters that characterize the

distri bution. If the value in the first co l umn equals 1, the error i s

deterministi c with a value equal to the second column. If the valu e in

the fi rst column is equa l to 2, the distribution is unifo rm , wi th enu—

V points in the second and third columns. If the value in the fi rst co l umn

i s equal to 3, the error is from a normal distribution , wi th a Vnean equal

to the value in the second column , and a standard deviation equal to the

172
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value in the third column.

The data mi ght appear on two cards thus :

3 0 2.5

3 0 50

• which represents the error as resul ting from the use of a laser as from

a Norma l (0,2.5) distri bution and the error resulting from the use of 
V

bi noculars as Normal (0,50).

F0.VEHICL E

FO.VEHICLE is a one dimensional array containing the names of the

vehicles in which the FOs are riding. The array m i ght appear on a data

card thus: 
S

3 78 79

which indi cates that the FOs are ridi ng in vehicles 3, S, and 9.

Attri butes 
V

A num ber ~f attributes of permanent entities must be input on data S

cards . In the discussion that follows , real variables will be denoted

by an ~ in parentheses fo l lowi ng the attri bute name . Real at t r~ hutes

may be input wi th or wi thout decimal points. ntege r variables will he

denoted by an I in parentheses following the attri bute name .

FDC

COLOR .2 (II - .A value of 1 indicates a Blue unit. A value of P

deno tes a ~ed unit.

X .C U R2 ( R )  - The FOC’ s ‘( coor di na te on the battlefie Li .

Y .CUR2 (R) - The FOC’ s V coordi nate on the battlefield .

The data might appear thus:

1 -3550 1200

_  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



1 -3000 ~00

1 150 -4500

(Negative coordina tes indicate the the FDC is outside the 10x ’~0

kilome ter box used for the ground war battlefield .)

BATTERY

NUM.GUNS (1) - Number of weapons.

COLOR1 (I) - A value o~ 1 indicates a Blue fir ing unit . 4

of 0 i ndicates a ~~~~ firing un it .

X.CURI çR) — The firi ng u n 1t~s coordinate on the battlefi e~d .

Y .CUR 1 (R) — The fi ring unit ’s Y coordinate on the battlefield .

NUM.DPICM .LEFT ~I) - The basic load of DPICM rounds for each I

fi ring unit.

CALIBE~I (I) — The type of arti flerv weapon s~s tem:

1 155mm

2 203mm

3 GSRS

4 152mm

5 122mm MRL

MAX.RANGE (I ) - The maximum range ~f the firin g V~~f l 1t .  
V

RATE.OF .FIRE ~
) — The rate of fire of the firing unit (in rounds

per mi nute) .

The da ta iii iht appear on cards as shown in Table ~~~~~~~.

ART’~.PK.TABLE, LETHAL .R.ADIUS .ARRAY

The appropri a te lethal area for the damage ‘ eve l. amunit~on t~~e

used , tyoe artiHery weapon ‘~vstem fired , and t p e  tar~o t f i red 5~p c i

is read in and converted to pro b abi li ties of damage ~V\RTV ,~ K .TA~ LE~

1 ‘~~

V 
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TABLE III . Sample data i nput for attri butes of
each battery.

3 1 -3500 120) 1300 1 IS000 3
4 1 -3500 950 1003 1 18000 3
4 200 -4500 ~DDO 

‘ 21300
5 1 12003 2303 13~~ .~ ISS’300 2
6 3 14203 1 3C33 1220 4 :3000 2 V

3 1:Sco 1:530 :320 4 13000 2
S 3 13300 12000 1200 4 18000 2
6 3 3530 :353 ~) : 333 4 18000 2 

V

6 2 13503 2500 300 3 3000 2
6 3 5503 ~~000 303 4 18000 2
~ ~ 5000 5333 1301 5 1300 .1

I V 5
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an d lethal radius (LETHAL V RAD IUS .TABLE). The data is in the form of a

4— dimensiona l array . The fi rst subscript indica tes the damage level ,

the second subscript indicates the ammuni tion type , the th i rd subscript

indicates the weapon type, and the fourth su bscr ipt  ind icates the target

type. The four subscripts have the followin g values:

Damage level:

1 — k— kill

2 - f-kill

t 3 — rn —k ill

Ammunition type : S

1 - DPICM

2 - H E  V

V A r t i l le ry  weapon type :

1 - 155mm

S 
2 - 2 0 3 m m

V 3 - G S RS

4 - 152mm

5 — 12 2mm MRL

Target type :

- XMl 105mm ma i n gun

2 — XMl 1..0m main gun

3 — IFV

4 - ITV

5 - DIVAD

6 - DRAGON

~~~~~ 5~

S - B M P

ml — :SU

1 -t~
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A typica l data set might appear as follows :

0 0 0 0 0 0 100 300 400
0 0 0 0 0 0 200 700 900
0 0 0 0 0 0 600 1000 2000

100 100 200 100 600 100 0 0 0
100 100 200 100 200 100 0 0 0

This is a subset of the enti re four dimensiona l array , with the fi rst

subscri pt equal to 1 (k—k ill) and the second subscript equal to 1 (DPICM).

In regards to this input array the rows of the array represent the weapon

type and the columns of the array represent the di fferent types of targets

that are being assessed for damage. As an example of the use of this array ,

consider t~e da ta set above . The lethal area ~c - kiil ) asscc~ated •~itn t.~e

155mm round (DPICM) for a T72 (target type 7) would be 100 meters .

TRA V EL . T ‘VIE . AR RAY

TRAVEL .TIME .AR RA Y is a two dimensional array that contains the average

velocit y at two— thirds maximum range for each artillery system/ammunition

type. The firs t subscri pt i ndicates the type of ammunition and the

second subscript indicates the artillery weapon tyDe.

Subscript Vlal ue s :

Ammunition type :

1 — 3PICM

2 - HE

A rtiller y weapon type :

1 - 155mm

2 - 203mm

3 - GSRS

4 - 152mm

5 - 122mm MRL

These valu es coul d appear on data cards thus :

l S V /
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350 350 600 600 1200 1200 350 350 1200 1200

where the fi rst entry represents ~ ~. ye ~oc i ty a t~ 350 meters per second

( m / s )  for OPICM/l55iiini , the second entry represents a veloci ty of

350 in/s for HE/l55nini , and the third entry represents the velo city of

600 m/s for DPICM/203mm .

DI SPLACEMENT

DISPLACEMENT is a real 3— dim ensio nal array contain i ng th~ displace-

ment of each weapon from the center of the firing unit Blue firing

uni t~; only
). The neasurenient is done in the battlefield coord inate

vsstem with the firin g unit po i ntin g East (measur ed fro m the hon zont al

pl ane p a rall e l to the X axis) . The firs t subscript indi cates the

weapon number (1 for the fi rs t weapon , 2 for the second weapon , and

V ,o on), the second subscript indicates the type of coord i nate , and the

H th ird ;ubscri pt indi cates the numbe r o f  the f i rin g un i t.

Subscript values :

• Weapon number:

The number of the weapon in the ~Hninq unit .

T’pe of coordina te :

— The X coe r ii note .

2 - The V coordi note .

Numbe r of f iri ng Un i t :

The order in whic h the rin~ unit  was crea ted (C.).. the ~i r t

fi ri ng un i t c rea t.e.i i s 1 . the ;econd fi ri n~ uni t c rca t~ d 1 5; 2

etc.).

n e  data for the firs t firing un i t (the ~hi r51 subscni :~ t I S C~ Ud 1 ~ 1

ni ~ht appea r an da ta c ards thus:



V -

25 -75

-25 -25

25 25

-25 75

tn this exam ple , the rows indicate the weapon number and the columns re-.

pres ent the coordinate type . As an example, the X coord i nate displace —

inent for the second weapon (fi rst fi ri ng unit) would be -25 meters from

the cente r of the first fi ring unit and the V coordinate displacement V
S

for the second weapon (fi rst firing uni t) would be -25 meters from the

cente r of the H rst firing un i t. V

RANGE . BANDS

RAN GE .OV S\NDS is a two dim ens ional array containi ng the range bands of

the p iecewise linear approximat ions of the impact point dispersion

curves . In the arra y , the f i rst subcript i ndicates the breakpoint in

kilometers from the weapon and the second subscript i ndi cates tue type

of artillery weapon system.

Subscrip t  va lues :

Breakpoi nt:

The appropri ate breakpoint (endpoin t ) ~f tue linear approximation.

Ar ti l lery weapon t5 p e:

1 - 155 m m

2 - 203mm

3 - GSRS

3 - 152mm

5 — 1.2mm ‘~RL

The data VujV jht appear on cards thus :

~~~ 
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6. 3 7.6 15 5.5 6. 7

12.7 15..4 30 11 .5 13.7

19 23 35 17 .2 20. 4

The rows indicate the breakpoints and the columns indicate the different

• types of art i l lery weapons . As an example , to determi ne the range bands

for the 203mm (second column): the fi rst range band starts at 1 .6 kilo -

meters ( the fi rst breakpoint), the second range band starts at 15. 4 kilo-

meters (the second breakpoint) ,  and the second ran ge band Stops a t 23

kilometers (the third breakpoint).

SIGMA .DPICM

SIGMA.DP ICT is a three dimensional array containing the standard

deviations for the normal distribution that characterizes the dispersion

of  round/MN impact (DPICM onl y),i n me ters . The fi rst subsc ript indi-

cates the range band , the second subscript indicates the type of standard

deviation , and the third subscript indicates the type of artillery weapon.

Subscript values:

Range band:

The represen tati ve range ban d.

Type of standard deviation:

1 - Standard deviation (range) for precision accuracy (round to

round variation).

2 — Standard deviation (defl ection) for precision accuracy .

3 - Standard deviation (range ) for observer adjusted (NIPI).
V 

4 - Standard deviation (defl ection) for observer adjusted (MPI

for a volley).

5 - Standard deviation (range ) for MET ~ VE (meteorological and

veloci ty  error) (unobserved f ire that used registrat ion

130 
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firings that corrected for meteorological conditions).

6 — Standard deviation (de fl ection) for ~‘tET + yE.

A rtillery weapon type:

1 - 1 55mm

2 - 203mm

3 - G S R S

4- 152mm

5 - 122mm MRL

The two dimensional subset array that applies to the 155mm (the third

subscript is equal to 1) mi ght appear on cards thus:

30 5 40 30 30 20

LSO 10 60 40 60 40 V V

90 15 80 50 90 60

where the row indicates the range band and the column is equal to the

values 1 to ~~~. AS an example, the standard deviation of range for

oreci sion accuracy (155mm ) is 30 meters at the fi rs t breakpoint of the

range band , the standard deviation is 60 meters at the second breakp oint

and the value is O() meters at the last breakpoint ~end of the second

range band).

FA .TIME .DELTA S

EA .TIME.DELTAS is a two dimensional array containing the ~ararneterc

of the distri butions that characteri :e the time required to accomplish

specified tasks (measured in seconds). The fi rst subscript indicates

the task and the second V ; u b s crj  pt indicates the parameter of the

distribut ion.

1 31
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Task :

1 - Update c luste r .

2 - Time requi red for FO to calculate his mission and code his

mission into his message device.

3 - Time for the FO to communicate fi re request to FDC . 
V

4 - Processing time in the FOC.

5 - Time required in the firing battery to fi re .

6 - Time for the EU — subsequent adjusting round.

V 
7 - Time required for the firing unit — ad V l u s t i n g  round .

8 - Time required for FO to end the Vnlss ~ofl a f t e r last v~ l lev

V .

V 
impacts.

If the value in the first column equa ls 1 , tue error is deter m inistic

wi th a value equa l to that in the second column . :~ the valu e in the

fi rst column is 2, the distribution is uni farm wi ti end points in the

second and third columns. If the value in the fi rst column is equa l to

3 , the distribution is no rma l , wit h a neon equa l to the value in co lumn

two , and a standard deviation equal to the v a l ie i n the thi rd column .

The data lii yht appear on cards thus:

1 30 3

- ; 2 25 30

2 2 5

L 

7 5

3 25.35 2.25

2 15 20

1 1’ .S

V 1 10

As a n examp le , the time required for the m to transm it h i ;  message (row

.3) is characterized by a unifo rm dist ribution, with end points 2 and 5.

V - —
V ~~~~~~~~~~~~~~~~~~~~~~~~ -
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