
AD-A283 627 6
AwRMdi EE flfLAATORY

Creating Tankwars III:
The Multiple-Weapon,

Burst-Fire Combat Version

Joseph M. Olah

ARL-TR-484 July 1994

DTIC
mhELECTE

5 'UG 2419U

C"IT QUALITY INSPECTED 8

AINV% NR RINUC Mft WIUU WNO UHL==~

%•'694-26879//l/|Illlill/'i~lllll/l/94 8 23 0 9 0



• .... ... ' •

Destroy this report when it Is no longer needed. DO NOT return It to the originator.

Addional copies of this report may be obtained from the National Technical Infoadon
Service, U.S. Department of Commerce, 5285 Port Royal Road, Springfield, VA 22161.

The findings of this report are not to be construed as an official Department of the Army
position, unless so designated by other authorized documents.

The use of trade names or manufacturers' names In this report does not constitute
Indorsement of any commercial product.

S. .. ............... , ll~i. . ... .



REPORT DOCUMENTATION PAGE oW No. o10"on
P,*iic regwtg hIwtIan fe th •odealn of rnhematon. a, eatmaee to avetage I h•ut met temo. induding te tune he rewewen lnuuctaom. wtching9 ewaaag gt. ustem.
gathmjm end inantaanan the daa needed. and commetag n t~eauwan te codeaaon of mfoqnatan. Send ccewnenta tegading tha, butdn umateW at any othet am~ca of the
Oaus NitriCy. Suite 1204. Adfligon. VA U20•2.430. and to the Office of Mangmn an Iudget. Paewt ReductiOn Prgc pioe.os Waaivngtan. DC aNs0o3.
1. AGENCY USE ONLY (Leave blmnk) 12. REPORT DATE I 3. REPORT TYPE AND DATES COVEREDa-July 1994 I Mml. 00 1990..oc"mb 1993

4. TITLE AND SUBTITLE 5. FUNDING NUMdBERS

crmdng Thkw m. "L1Th MuhlelbWespo., Dir/t-P Combat Veomkl PU.: IL161MHI.I0

I AUlhORS)

Wdmrqw" SOWo1

7. PERFORMING ORGANIZATION NAMEnS) AND ADORESS(ES DE . PERFORMING ORGANIZATION

REPORT NUMBER
u.S Am femuech Laomm
ATT: SRWT-WB
A3l0em fovi rOmd, MdD 21005-5066

9. POSORING/MONITOZNG AGENCY NAME(S) AND ADD RESS(ES) 10. SPONSORING /MONITORING
AGENCY REPORT NUMBER

U.S. AMy Resuuc Laboraay

ATIN: AMSRLP-APL--

Abwedem Pving (uhmd MD 21005-5066

11. SUPPLEMENTARY NOTES

12a. DISTRIBUTION/ AVAILABIUTY STATEMENT 12b. DISTRIBUTION CODE

Appeved fo publi Melue m rI. Iibbto s =elmilu.

13. ABSTRACT (Maximum 200 words)

"Ibis report descdbe• the dom version oTf-mkwwu-Tankwws HI-th muldplO.weqxum bmmt-& vrsIon, and In
verificain flnkwM, -ud by Fd Bum nn the U.S. Amy Resemnh Laboraay, is a FMTRAN p a that modes
masH uz aum !d warfae lw modd iesenms mor syrium opuam;h and a uen mad •f•l hracs o wt odher
mior sysmen. Takwas' bmic = is pilng two vdec ty spinal ch Otmer in many bWa.s io = which side do
bes. nwLMu ha ttfh vrawa. TmkwW 1. toe otgiol ThWan• n H. doe•os hedoombat modl and nw,
mkw m , th dewp p;o-11 busm-f model 71nkww=s H model in weapon a-orPd vdehicl

Howver, a need to umu i huamyfighunag vdeicle filhngo ot.h y flgh vedce.is fu vehiclecan
aMpp eb oth with eide missle or nommic canon weion systems. "isn, •the is a need for u weqo.
bm45-fl comba simulation cqmebi•t, and Takwwm MI me "e a 1e Ie baskic addition to the Tankws a mode
= eaom election, action wh no wemponisavadlabl nde s bum Alm. Mao, th existiog msbmodeds n eselecdo- vehic ammunition count and bug-fire wton, uinacy, mad vulnumbift wae aared.

14. SUBJECT TERMS 15. NUMBER OF PAGES
19

amb (combat vehicla). a muio, mored vehcles maeid 1,. PRCE CODE

17. SECURITY CLASSIFICATION 10. SECURITY CLASSIFICATION 19. SECURITY CLASSIFICATION 20. UMITATION OF ABSTRACT

OF REPORT OF THIS PAGE OF ABSTRACT

UNCLASSIFED I UNCASSFMD I UNCLASSIFIE) UL
NSN 7540-01-280-5500 Standard Form 296 (Rev. 249)

Paewcbd by ANS% St Z39-182w-l0a



7717.

INTENTIMM~ALLY LEFr BLANK.



TABLE OF CONTENTS

L S OF TABLTS ................................................ v

EXECUTIVE SUMMARY ......................................... vii

1. INTRODUCriON ............................................... I

2. TANKWARS INTRODUCTION ..................................... I

3. NEED FOR TANKWARS MI ....................................... 3

4. CHANGES IN TANKWARS MODEL ................................. 3

5. CODE MODIFICATIONS .......................................... 6

6. VERIFICATION STUDY .......................................... 8

DISTRIBUTION LIST ............................................ 15

Accession For

DVO TAB 0
'Juannotlnoed Q3
Justiflcation

D1t sribut ion/

AVailability Codes
vail &od1/cr

34st Sei~
fil



!

•i,•I

IN1'l•laa•¥ L,,I• BL.•

Iv

S... ............................ • .•__.• n mu i / N i i iI ma III II IN Ili I I II II



LISTr OF TABLZS

1. Lethalty Daft Used for Multiple-Weapon Bums-Fire Ruun ..........

2. Accuracy Dmt Used for Multdple-Weapon Bumt-Fire Runs .......... 9

3. RedoyCeck Rsu clts........................... 10

4. Multipie vs. Single Weapon Results for Blue Attack ............ 11

5. Multpl vs. Single Weapon Results for Red Attack ............. 11

6. Multiple vs. Single Weapon Results for Meeting Engagenment ................... 12

v



IME4NTOKUALY Lmr BLANK.



EXEC]UTIVE SUMMARY

The latest version of Tankwars-Tankwars Iu--dhe multiple-weapon, bum-fire version-has been

created. Tukwars, created by Fred Bunn of the U.S. Army Research Laboratory (ARL), is a FORTRAN

program that models small unit armored warfare. A small unit is defined as being between 1 to

20 vehicles. The model represents armor system operations and its sensing and firing interaction with

other armor systems. Tankwars' basic use is pitting several vehicles of one type against several vehicles

of another type in many battles to see which side does better.

Tankwars has three versions: Tankwars I, the original; Tankwars II, the sustained combat model; and

now, Tankwars Ill, the multiple-weapon platform, burst-fire model. Tankwars II models single-weapon

armored vehicles. However, a need to simulate infantry fighting vehicles engaging other infantry fighting

vehicles exists. These vehicles can engage each other with either missile or automatic cannon weapon

systems. Thus, there is a need for multiple-weapon, bum-fire combat simulation capability, and

Tankwars IlI meets the need. The basic additions to the Tankwars II model are weapon selection, action

when no weapon is available, and burst fire. Also, the existing submiodels of target selection; surviving

vehicle ammunition count; and bum-fire action, accuracy, and vulnerability were altered.

The newer vew.'4n's verification was done in two parts. The first part was getting an exact match

between Tankwars H and Tankwars HI for single-weapon, nonburst-fire combat. The second part was

checking that Tankwars HI gave expected results in multiple-weapon, burst-fire combaL In matching the

newer and older versions, several bugs were found in the older version; these bugs were corrected.

Tankwars II and III matched exactly in events and summaries for 1,000 Monte Carlo repetitions for all

scenario variations played. In multipe-weapon, burst-fire combat, Tankwars HI gave expected results.

With the same number of identical vehicles on each side, neither side did better than the other for the

meeting engagements. For attacking and defending scenarios, red vs. blue gave similar statistics as blue

vs. red. Also, a force of vehicles with two weapons did better, with some exceptions, than the same force

of vehicles with a single weapon. Most exceptions were attributable to a weak primary weapon compared

to the secondary weapon. Thus, the author believes the model is verified as reasonable.

vii
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1. INTRODUCTION

The need for a version of Tankwars that simulates multiple weapons on a platform and burst fire was

met. Tankwars, created by Fred Bumn of the U.S. Army Research Laboratory (ARL), is a FORTRAN

program that models combat between forces of identical single-weapon armored vehicles. However, a

need to simulate infantry fighting vehicles engaging other infantry fighting vehicles exists, and the new

Tankwars III fills the need. The new version allows a platform with multiple main weapons to be played

in a Tankwars-like battle. The basic additions to the Tankwars model are weapon selection, action when

no weapon is available, and burt fire. Also, the existing submodels of target selection, surviving vehicle

ammunition count, and burst-fire action, accuracy, and vulnerability were altered. This report describes

the Tankwars model, discusses the need for modeling multiple weapons on a platform, describes the

additions to and modifications of the model, and describes the verification study. Throughout this report,

the term "tank" means any weapon system platform.

2. TANKWARS INTRODUCTION

Tankwars models the operation of an armored system and its engagement of other armored systems.

All vehicles of one side (called red or blue) are identical, and each has a single weapon. These forces ame

pitted against each other, and the battle interactions are printed. Tankwars' output is win percentage and

exchange ratio, among other statistics. Tankwars is used to evaluate the effectiveness of technologies in

armor operations. Some examples of studies done with Tankwars are evaluation of the 120-mm gun vs.

the 105-mm gun, helicojters with STAFF rounds vs. tanks, particle beams vs. cannons, and shoot-until-kill

vs. shoot-until-hit tactics. These examples demonstrate Tankwars' versatility.

The Tankwars program is event driven; that is, events are scheduled and added to a queue and then

are called at the time they are scheduled, unless they are canceled by another event. Being Monte Carlo

in nature, the program runs a battle many times, drawing new values for the random variables in the

model. This allows for a generalization of the individual battles.

Vehicle fire and movement in Tankwars will now be explained. Initially, the attacking tanks set up

on a line parallel to the line of defending tanks. Attacking tanks each move independently along their

predetermined paths. attempting to kill all the defending tanks. The defending tanks are in hull defilade

and attempt to kill all the attacking tanks. The orientation of a tank's hull and turret relative to the line



of its enmy is amumed to have a cadiold distributon. As the attacking tanks move along the path, they

will enter zones where they will be visible or invisible to everyone. This simulates loss of line-of-sight

because of terraimn. However, if smoke is being played, loss of line-of-sight is determined for each pair

of tanks. If attacking tanks have a halt-to-fire system, they will slow down and stop to fire and then

contnue to close in. Figure I depicts the attackers' paths and visibility segments and the defenders' line

of defense.

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

- -- - -- -- - - - - - -- -- -

Figure 1. Intervisibility segments along paths of attackers in tankwars.

The right-most vertical line of Figure 1 represents the attacker's line of departure. Each of the three

horizontal, parallel lines represents an attacker's typical path, and the boxes represent the areas where

terrain block the line-of-sight. The left-most vertical line represents the defenders' line of defense. The

defenders are in hull defilade as represented by only the gun turrets being shown. As the attackers move

along, there will be exchanges of fire. All the tanks will be doing a firing sequence of search, detect,

acquire, fire, impact, and damage, and then either reengage or disengage unless interrupted by some event

such as being hit. Defending missile platforms will go behind terrain to reload if necessary.

Blue combatants can start with a full ammunition load or start with the ammunition left from a

previous battle. Fighting "in waves" is the Tankwars term for fighting without ammunition resupply.

Battles fought in waves can be considered to be simultaneous battles along the front. The blue army

2



gathers the surviving tanks of a wave with enough ammunition for another battle and allocates these tanks

to the battles of the next wave. The user specifies the number of battles in a wave and the number of

waves. The user also specifies the scenarios (red attack, blue attack, meeting engagement) and the boles'

opening ranges. Specifying a number of battles for a number of waves for a number of starung ranges

for all the scenarios can lead to an overwhelming number of program runs.

3. NEED FOR TANKWARS mI

For studies of the type conducted earlier, no need existed for a multiple-weapons platform modeL For

a tank vs. tank scenario, only the main armament would be used. For a tank vs. an infantry fighting

vehicle (UFV) scenario, the assumption was that the tank would only use its cannon and the IFV would

only use its missiles. We now need to model IFVs fighting EFVs. Both cannon and missile systems can

be used to kill an IFV, thus, the need for a multiple-weapons model of armor warfare.

4. CHANGES IN TANKWARS MODEL

The changes made in the Tankwars model involved assumptions, additions, and modifications. One

assumption made was that each weapon platform uses a common optical/infrred sensor, hence, only one

weapon fires at a time. The additions were weapon selection, contingency plans if no weapon was

selected, and burst fire. Finally, modifications were needed because of the additions.

In weapon selection, the weapons are listed in priority. The weapon selection model chooses the

primary weapon if it has ammunition and the target is within weapon range. If not, then the secondary

weapon is chosen if the same conditions are met. If not, then the tertiary weapon is chosen, and so forth.

All weapons on a platform should be able to damage vehicles of the enemy. The followin is the pseudo-

code used for the weapon selection.

for each w*m of Me wMn of die frer, hn wdw q'pkrivir
#'(tWS Wn rm me wndow of weio. and weqioA w w .. o) thn

sdeai tdo vwqo.
Msop swcV for weqm to uen;

If no weapon is selected, then a list of contingency plans is used. If no weapon is chosen for lack

of ammunition, then both defenders and attackers hide. If no weapon is chosen for lack of range, then

3
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Bumt fiat was the last addition to the model. Tankwan H has an incomplete bwist-fire submodel.

That submodel was redone and finished. Basically, die submodel schedules the firing of a round if it is

not the last round of a burst; otherwise, the firer is reengaged or dlsengagd from the targt, depending

on the firing tactic. ihe pseudo code follows.

if she *Wqa has asmsuagit donstu
AfhW remind wa at lAm rowdind us urt thm

schedule fie qfiatu rmd of burst
1169

ones imwsb of reminds is burst;
of switch 4Vfer am bur" OR switch *ffe certal namiber of bursts aW im h number of bmrss have bue made)

dinviesfe from tega;
Ifjire don nmt have a hdtUto&Ire sys~us and can mow thus

sehodule aceckrae
ruem nmober of shat; (burfts) by jlre ans tage;

eLse
calculate twin inti mm burg;.
schedule P. boors,

eAs
iffrar cas go tdun

schedule as awaleradwe
scedinedl a hide;

Bums fire requires accuracy and vulnerability submodels that differ from single-shot accuracy and

vulnerability. 7he burs-accuracy submodel was derived by looking at the burst-accuracy data provided

by the U.S. Army bMaeriel Systems Analysis Activity (AMSAA). These data are the stuidard deviations

of the bunst-to-bun and within-burst error in both the vertical and horizontal components for various

ranges. The bum-accuracy submodel finds die location of Impact relative to the aim point, by summing

the draws from the bunst-to-bunt and within-bunst errr dlatrlbutions. The mathematical descripion of

the moxde folOWS.
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114) - 53(z) + WDBW
TR(Y) - 55(y) + P15(y)

11(Z). M1Y). -COodbmafto qMuact vvlaiw to amu PO
* 51z). 55(y) - d'awjmo burs&-hus erorica diutrbostios (drawin a bq~imeix afemh bwam)

1I'(z). %W5y) - draw Pm wdkn-bww ewro dutribwoious (*awn foir eac rouod In buors)

51(z) - N(OXS15(z)])) 55(y) - N(O.S155y)]))
P15(z) - N(9.SjW5I(z)fl P15y) - N(ORSWBOY)fl

Sf 55Z)). 5155(y)), SMW5X)). SI P1(y) - roeeuiw A.W~d devialmedo h-of te 0,0 ibWiouw.

Tbe data are available for a stationary firer vs. a stationary target and for a stationary fire vs. a moving

target for certain Weapon systems.

Unfortunately, vulnerability data that include synergistic effects for multiple hits in a burst are not

available because of the cost of finding such complex information Thus, the burst vulnerability submodel

in Tmnkwars M Ursatanybit on atank as having the effect ofa firsthit onan undamaged tank. This

means that the model underestimates the lefthlity of a weapon or overestimates the survivability of a

target

Adding multiple weapons and burst fire made other modifications necessary. Changes were made in

the way tanks select targets and fire and the way ammunition on surviving tanks is counted. In target

selection, some weapon must be available before scheduling a target select. In counting the remaining

rounds left on board a surviving tank, the mnuber of shots left are counted instead of the number of

rounds. A shot is the firing of a missile, a large cannon round, or a burn of an automatic cannon.

Finally, the fire submodel was changed. Attempts at pinpointing a flash now occur only at the start: of

a burst, and the number of shots on a target is now incremented only at the end of a burut. The round-

count reset in a burst was moved from the fire submodel to the bums-fire submodeL. Target range

calculation and new round-attribute assignments were moved to a round-creation subtuodel. Lastly, the

logic of finding and scheduling of round effects was streamlined. The following is the pseudo code for

the. modified fire submnodeL

* ~dacwimwf not to be busy:
iWWWW aMNMbe qfromada U18
ofboric fire damn

hncuuunavointe no"jfrounda in bors:

dedwn remod to be fia round in burst;
amno within a bowra thum
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I IWimdha ACAMo qflro q*e b"w;

This concludes the alterations to the Tankwars model.

5. CODE MODWICATIONS

The axde revisions include format' mpovemnt and additional submodels. The format nimprovments-M

make the program easier to understand and debug. The additional submnodels allow the program to

simulate bums fire and multiple weapons on a firing platform.

The format changes awe as follow-.

1. All variables are now declared. This makes It possible for the compiler to print undeclared variables;

these are generally misspelled.

2. All branches and loops are now conisistenty Indented to improve readability.

3. Capitalization was used to clarify the meanin of strings as follows:

a& Local variables, reserved wofts and subcoutines are In lower case, Subroutines can be
disinuisedby the reserved word caU precedinig them, and local variables can be distinguished

in that they cannot be reserved words.

b. Commoni block variabes begin with an upper case lette.
c. Punctions uid poarmete are all uppe cae. Functions can be distinguished since they are

followed, by psuhesdes.
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4. All common block variables ain include flies, This guarantees the consistency of the common

blocks in different routines.

5. The print statements that generate the event history now use a uniform format Ibis simplifies the

debugging prams that examine the output

6. Some constants have been replaced by parameters to add mnemonic meaning.

7. All routines now contain trace statements to aid debugging. This made it possible to show that

Tmkwm I1 and Tankwan MI called routines in exactly the same sequence.

8. The code that assigns a missile guidance channel is now in a separate routine.

9. The code that finds whether firer i is guiding a missile to target j is now in a separate routine.

Coding changes to simulate burn fire and multiple weapons on a firing platform are as follow:

I. The dimensions of several blocks of variables were increased to include the weapon number. INis wah

done for both data and status variables.

2. The event history format was changed to include the number of the weapons being used for the event.

3. New variables were created to

a. represent the number of weapons on a platform,

b. represent the weapon in use by a tank,

c. represent the minimum and maximum range of the weapons (used by the weapon selection rouine

to determine availability of weapons),

d. keep track of where in the burst the particular round of the burst is, and

e. keep trck of whether a firer had pinpointed a target (Keeping a record of whether a firer

pinpointed a target is important because in Tamkwars I, the weapon to be used has not ye been

determined at the time the select start routine is called. Therefore, the decision to increment the

number of channels if a missile system is being used cannot be made yet. Aftr target selection

if a missile system is indeed chosen, then the number of its channels in use is incremented).

4. New routines were created, and old routines were modified.

a. Routines were created to implement the new submodels of weapon selection, no-weapon-available

coukigncyplam and burst fire.

b. The code for the Am routine was rewritten to reflect its reo tion.

c. A function aD deternine what weapon is in use by a firer was cremated.

"This summarizes the coding changes that were made to turn Tazwars U into Tankwarn IlL

7



6 VJRECATION STUDY

M section describes the methods used and the results obtained in verifying Ttwars mi. The two

parts of the verification study were as follow:

1. An exact match between the Tankwars U and Tankwars M for the single weapon, nonbwrst-flre

comba

2. Checking for expected results from Tankwars MU in multiple-weapon, but-fire combat

Tle vehicles simulated were the Bradley fighting vehicle (BFV) for the blue side and a Russian

infantry fighting vehicle (IFV), the BMP-l, for tde red side. Modeling of these vehicles' dcaracteuistics

should be accurate excep for the accuracy and lethality charcerstics since they are classified. However,

Tankwars is undering the testing, not the vehicles.

Tankwars U and Tankwan M gave the exact same event history and saustics for single,

nonbwus-weapon combat for 1,000 repetitions for each of the scenarios. In fact, they agree in random

numbers generated and events happened, scheduled, and canceled.

Next, Tankwars UM was run for the multiple-weapon, burst-fire case. Initially, runs were made to

check that the burst-fire cycle and the switching between weapons worked, which they did. Next, sets

of nis were made for each of the scenarios at 1-, 2-, and 3-kin ranges. Each run was a single wave of

1,000 battles. The force was three red vs. three blue lWVs for meeting engagements, six red vs. three blue

IFVs for red attacks, and three red vs. six blue IFVs for blue attacks. The simulation used the Hunsfeld

terrain model and the cardioid shot distribution model. The lethality and accuracy data used to obtain the

results of this section are shown in Tables I and 2.

Table 1. Lethality Data Used for Multiple-Weapon, Burst-Fire Runs

Probability of Catastrophic Kill Given a Hit

Orientation of Target with Respect to Firer

Side Priority Weapon 0o 300 6V 900 12(r 150 18(r

Blue Primary Auto-Cannon .50 .60 .70 .80 .90 .95 .975
Blue Seconary Missile .50 .60 .70 .80 .90 .95 .975
Red Primary Carmo .50 .60 .70 .80 .90 .95 .975Ble ecndr Mag -50 .60 .70 .80 .90 .95 .975
Red Secondary Msile .50 .60 .70 .. 80 .. 90 .95 .975
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The first mt of theme rum had BFVs on each side w check reciprocity. For meeting engagement with

dte some number of vehicles on each side, one would expect approximately dte same whils factons

and an exchange ratio of one. For aack scenarios, oue would expect approximately the same win

fraction, loss fraction, and exchange ratio for the atacker, regardless whether the attacker was red or blue.

The results were so, for the 90% confidence intervals of the win/loss fractions overlapped, and the

exchange ratios agreed to within 10%. Tables 3 shows the results. The numbers in the parentheses

represent confidence intervals.

Table 3. Reciprocity Check Result

Semarios

RMnge Saiutic Mmet Fi gaganem Red Atack Blue Auack

Blu Will .423 (.396,.450) .257 (.235,81) .720 (.696,.744)
Blue Losu .457 (.431,.484) .743 (.720..766) .275 (.252.300)

1,000 m Draw .113 (.098,.132) .000 .001
Al Dead .007 (.004,.014) .000 .004
Exchange Ratio 0.965 1.549 0.634 - 1/1.577

Blue Win .149 (.131,.169) .329 (.305,.355) .557 (.531,.584)
Blue Loss .184 (.165,206) .578 (.552,.604) .333 (.309,359)

2,oo0 m Draw .667 (.642,.692) .088 (.074,.105) .105 (.090,.123)
AM Dead .000 .005 (.002,.011) .005 (.00,011)
Exchamp Ratio 0.945 1.899 0.515 = 1/1.942

Blue Win .052 (.042,.066) .319 (.295.345) .589 (.563,.615)
Blue Loss .056 (.045..070) 59 (.543,.596) .280 (.257,305)

3,000 m Draw .892 (.875,.908) .104 (.089,.122) .130 (.113,.149)
AM Dead .000 .008 (.004,.015) .001
Exchange Ratio 0.982 1.927 0.564 = 1/1.773

Finally, a set of ruis was made to show that the vehicle with multiple weapons would perform better-

thn vehicles with only a single weapon. This set of nrnm was done with the red side having a missile

and cannon weapons while the blue side had either both a missile and cannon, just a cannon, or just a

missile system. The blue win fraction and exchange ratio should improve with an increase of weapons,

and the results tend to show this. Table 4 shows results for the blue attack scenario. The numbers for

the blue attack are as expected.

10



Table 4. Multiple vs. Single Weapon Reaus for Blue Atmack

Blue Amumnem

Ra. Statistic Cum=s md bliami Cmos Mimile

Blue Win .977 (.969,M .943 (.930..955) .075 (.062,091)
Blue Loss .019 (.013,.029) .026 (.019,037) .246 (.224.270)

1,000 m Draw .004 .029 (.021,040) .679 (.654..704)
All Dead. 000 .002 .000
Exchag Rato 1.287 1.247 0.324

Blue Win .887 (.70.903) .877 (.09,.894) .064 (.071,M01)
Blue LAs .010 (.0061018) .033 (.025,.045) .328 (.304..354)

2.000 m Draw .103 (.088..121) .090 (.076,107) .588 (.562,.614)
All Dead .000 .000 .020
Exchan Ratio 1.297 1.258 0.306

Blue Win .876 (.85C 893) .836 (.816,.55) .076 (.063,.092)
Blue Loss .017 (.011,.026) .042 (.033,.055) .443 (.417,.470)

3,000 m Draw .107 (.092,=25) .121 (.105,.140) .481 (A55,.508)
AD Dead .000 .001 .000
Exchm Ratio 1311 1.250 0.244

Table 5 lists the multiple vs. single weapon results for the red attack.

Table 5. Multiple vs. Single Weapon Results for Red Attack

Blue Annmuem

Ramng Statistic Cmo ad MNbi Camnon Mimmile

Blue Win .536 (.510563) .184 (.165,206) .021 (.015,.031)
Blue Loss .152 (.134,.173) .333 (.309,.359) .090 (M076.307)

1,000 m Draw .302 (.279,.327) A81 (AS5,.508) .889 (.872,905)
AU Dead .010 (.006,.018) .002 .000
_ Exchmg Ratio 3.130 2.045 1.999

Blue Win .331 (.307,.357) .075 (.062,.091) .019 (.013,029)
Blue Loss .124 (.106,.143) .531 (M05,.558) .056 (.045•,070)

2,000 m Draw .542 (.516,.569) .393 (.360,.420) .925 (.910,.939)
AU Dead .003 .001 .000
Excmage R 3.229 1.294 2.819

Blue Win .375 (350,4A01) .099 (.064,117) .013 (.0M,021)
Blue Loss .148 (.130,.168) 494 (.468,.521) .060 (.049,075)

3,000 m Draw .475 (A49,.502) .405 (.380,.432) .927 (.912,.940)
AU Dead .002 .002 .00
Exmhuge Ratio 3.080 IA14 2.634
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In f cm of med s•ack we oe the comer-ihutive result d the blue Ion raft is higher wheni

the blue a•my has two weapon than when it has only missiles The rean Is tdo in Tukwars, an army

must be ihilated to be counted a a loss. If an army is overnm, itiscountedasadraw. Whenthe

defensive blue army has only missiles, it is less likely that they will be detected. In this case, annihiaion

of blue does not occur. While the blue army may be overnn. these situations are not counted as losses.

Table 6 is the multiple vs. single weapon results for the meeting engagemen.

Table 6. Multiple vs. Single Weapon Results for Meeting Engagement

Blue Amuiuaent

R ,e Statistic CannMo md Missile Cnno Missi

Blue Win .784 (.76,.806) .521 (.495,.548) .604 (.578,.630)
Blue Loss .055 (.044,.069) .066 (.054,.0S1) .152 (.134,173)

1,000 m Draw .150 (.132,.171) .404 (.379,.431) .244 (.222,.268)
All Dead .011 (.007,.019) .009 (.005,.016) .000
_ Exchne RMatio 2.220 1.702 1.327

Blu Win .174 (.155..196) .000 .184 (.16.5206)
Blue Loss .035 (.026,.047) .000 .029 (.021,040)

2,000 m Draw .791 (.769,.812) 1.000 .787 (.765,809)
AUl Dead .000 .000 .000
Exchange Ratio 1.398 0.000 1477

Blue Win .009 (.005,.016) .000 .010 (.006,018)
Blue Loss .000 .000 .000

3,000 m Draw .991 (.985,996) 1.000 .990 (.984,.995)
AU Dead .000 .000 .000
Exchmge Ratio 1.806 0.000 1.826

For the cannon-only case in the meeting engagement at 2 and 3 km, hardly any combat is taking place

since the cannon is out of range. Since the automatic cannon is not being used and blue is in hull

deffiade, the nd army can barely detect the blue systems (for the given input data). At 2 and 3 km. there

would be no difference in the results between the cannon and missile and missile-only cases since the

cannon is not used. However, the starting random seed is different; thus, a small difference in the results

does exis.
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Tlhs sums the nsults fn.n the Sihan input data set. Some of the other data sets end to show wome

resuls with multiple weapom than with a single weapon. 7W primary weapon having poorer peftnance

than the secandafy weapon accounts for most of these unexpected lts. Performance facm ame

probability of kill given a shot, ranp window, time to fle capabift to fire on the move, and ammunition

In summary, the results of Tankwars H and Tankwars MI In single-weapon, nonburst combat are

equivalenL For identical forces on each side, Taikwars HI results show recipocity. Finaly, except for

certain cases, which have been explained, a side does beter with two weapons than with just one weapon.

Thes rults verify the lat modifications of Tankwars.
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