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GENERAL DESCRIPTION
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Dated Information
Most of the information in this lecture is dated circa 1990.

The methodology presented is not so dat&gplications hae keen made, and are
being made, to selected projects acrossrakdisciplines.
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Short Description of Project

The paverful techniques of modern nonlinear statistical mechanics are used to
compare battalion-scale combat computer models (including simulations and
wargames) to ®ercise data. This is necessary if lge-scale combat computer
models are to bex&rapolated with con(Edence twaep battle-management,BC

and procurement decision-aids, and to improaining. Thismodeling approach

to battalion-leel missions is amenable to reasonable algebraic and/or heuristic
approximations to dve higherechelon computer models.

Each data set is (Et twsal candidate short-time probability disuitbns, using
methods of 'very fast simulated re-annealihg’ ith a Lagrangian (time-dependent
algebraic cost-function) derd from nonlinear stochastic rate equatiori$iese
candidate mathematical models are further tested by using pagraim@merical
techniqgues we W& devdoped to calculate long-time probability disttibns
spanning the combat scenario.

We have demonstrated proofs of principle, that battaliovelecombat &ercises

can be well represented by the computer simulattdUB(T), and that modern
methods of nonlinear nonequilibrium statistical mechanics can well model these
systems. Sincenly relatvely simple drifts and dftisions were required, in lger
systems, e.g., at bage and diision levels, it might be possible toabsorb’ other
important \ariables (é, human #ctors, logistics, etc.) into more nonlinear
mathematical forms. Otherwise, this battalionyel model should be
supplemented with atree' of branches corresponding to estimatetues of these
variables.

We dso hare gplied this methodology to delop and analyze Intggated Strik
Warfare on a jointANUS(T) model of Nay cruise missile support of Army
AirLand battles.
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TWO COMPLEMENT ARY PROJECT TASKS
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Compare JANUS(T) and NTC S Analysis

Model battalion-lgel combat with Lanchestdype systems
Models drve mrps- and theatdevel computerwargames

Seek patterns of combat scenarios
Science = Empirical Data + Models = Statistics y$its

JANUS-modeling requiresxglicit identi®cation of NTC data
Sensor/\@apons parameters
MILES PK's
Force structure and rmements
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Prepare JANUS(T) for NTC S T raining
"What if' capability
Pre- and postx@rcise training for commanders at NTC
Preparation of scenarios by NTC Operations
Experiment with difierent tactics
Maximize mission accomplishment
Requires ANUS(T)-quali®cation to ®Il @ps in NTC data
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WHAT IS JANUS(T)?
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Input
Physics-Based Simulation
Speci®c weapons systems and platforms
Environment: terrain and weather
Interactions between systems andiemment

Interactve

Between players and computer program
Stochastic

Calculates probabilities of detection, acquisition, hit, kill, etc.
Flexible Data Sets

Research what-if"
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MATHEMATICAL-MODEL COMP ARISON PROCESS
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JANUS(T) Not Reality
f  ANUS(T) algorithm model of human perception, attention, decision-making,
etc., is basically serial and logical, not parallel and asseeiati
f  ANUS(T) does not permit direct-®re fratricide.
f  Amouse is not a tank to mawargamers.
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NTC Not Reality

NTC constraints, imposed for training, are not necessarily present in combat.
NTC data includes resurrections, especially of commanders.

Laser ranges of MILES system (Multiple Igteted Laser Eragement
System) are not equalent to actual weapons' ranges.

Time-dependent kill data on computer tape can batdéast a dctor of two
from more accuratetake-home packaga'nformation.
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Context-Dependence Of Analysis And Methodology

Division-level context + battalion-l&el attrition equations likly cannot be replaced
by division-level attrition equations.

c3

Tactics

Terrain

Synchronization at Brigde Leel
Management at Bision Level
Operational Objecties
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NTC BATTLEFIELD D ATA COLLECTION
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Some Ppoblems Qualifying NTC Data

Man-packs with B units enable anftry to be trackd, lut one man-pack can
represent an aggydae of from a squad to a compan

It is estimated that only about 30% of all possible kills result in possible pairings.

Multiple kills are often noticed on the CIS tap€hese are most ldly caused by
MILES devices malfunctioning and/or by rad@aduced errors in transponders.

The PK tables used by MILES dees were obtained by Loral from TRADOC.
TRADOC got this data from AMC.In order to declassify the data, highly
aggregaed averaged PKS were deeloped.

Quali®cation of NTC data requires all:

(1) AAR

(2) Written part of tak-home package (includes G@bcumentation)
(3) ARI/BDM-developed INGRES database

(4) Full CIS data fed into DEANZA to check holes in data

(5) Ongoing dialogue with NTC personnel on speci®c missions
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Some NTC Features Releant to JANUS(T)

Stingers and Dragons are not instrumentddinfortunately it appears that
especially the Dragons are an important part of the combat.

Vipers require multiple hits (minimum of 3) before the cumuatK's can
register a kill. This is to encourage shooting ialkeys.

Good tactics often pvents good data collectiori.e., units may jump in and out of
shadavs of transmission paths to A stations.

There is no AAR for OPFOR forces, which therefore téelp us to decipher
some aspects of their role in combat.

The aerage meement rates for OPFOR for day/night is about 40/30 km/hr
whereas Saet doctrine is about 20/12 km/hr

The opinion that MILES ranges are cut short because of dust ané sraamply
incorrect. The904 nm vavdength used by the laser has better penetration than
visible radiation (ot not as good as thermal sensors), so that igattaan be seen,

it can \ery likely be hit. The problem typically arises withOW's, because troops

do not take the required time to boresight theiDW's after each major mement,
similar to what is gpected in actual combat.

Practically all NTC personnel intervied stated that good communication seems
very often to be more important than good tacti€sentually good C must be
married with ANUS(T) to properly compare NTC andNUS(T).
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MATHEMATICAL PHYSICS APPR OACH
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Lanchester Theory

Quasi-linear deterministic mathematical modeling is used by mamanes as
the primary algorithm to dre the interactions between opposing forcés.its
simplest form, this kind of mathematical modeling iswnas Lanchester theory:

P =dr/dt=x,b+vy,rb

b = db/dt = x,,r + y,br

wherer andb represent Red and Bluanables, and th&'s and y's are parameters
which somehw should be ®t to actual data.
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Basic Assumption

Attrition per unit time during force on force eagements are aithful measurable
consequence of other aspects of combat, e.g., intelligence, preparation of the
battle®eld, G, etc.

The is not true for modern ™marmgunarfares doctrines.This previous attrition
study caers only a subset of all aspects of marexmarfare.
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Generalized LanchestefType Theory

C=f(r,b)+Sd(r,b
© = fu(b,r) + Sdh(b, 1)

where thed's and f's are general nonlinear algebraic functions of theiablesr
andb. The statistical mechanics can bedeped for ay number of ariables, not
just two. Theh's are sources of Gaussian-Makkan noise.

In the late 197®, ptysicists dgeloped techniques to calculate such nonlinear
systems. Therst applications &ws made to neuroscience, then to nuclegsiph,
now to combat systems.

The inclusion of thd's, called “multiplicative’ n oise, recently has been shoto
very well mathematically and piically model other forms of noise, e.g., shot
noise, colored noise, and dichotomic noise.
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Math-Physics of One \driable

The Lang@un Rate-Equatiorexhibits a generalized Lanchester equation, wherein
drifts can be arbitrarily nonlinear functions, and multipliatiise is added.

M(t + Dt) - M(t)~Dt fF[M(t)]

dM
= ¢

% dt
M=1f+Ah

<h(t) >,=0, <h(®)n(t9 >,=d(t - 19

The Difusion Equations another equalent representation of Lange equations.
The ®rst moment'drift”" i s identi®ed asf, and the second momentliffusion;
the \ariance, is identi®ed ady?.

P _ (- fP) 1 F°(A°P)

1t ™M 2 W

The Rith-Integgral Lagrangianrepresents yet another egglent representation of
Langevin equations.

P[MexM:] = (20 A°Dt) Y2 exp(-DtL)

L=(8- )28

P[M[My,] = (\) " Gth-Dtht- opt * " AMy e

" P[M{IM¢.pt]P[MiptIMt o] - - - P[My4x M ]
u
P[M¢[M¢] = O " (\)DM exp(- SOD“—s)
s=

~ u ~
DM = (2p A3Dt) V2 P (2 AZDt) H2dM
S=

N
0dM; ® SlDMas: Mo = My, Mysg = My
a=
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Path Integral: Long-T ime Distribution

Given a form for L, we use the path-inggral to calculate the long-time distuitton

of variablesr andb at time t, gven values ofr andb at timety. This is impossible

in general to calculate in closed form, and we therefore must use numerical
methods.

The path-intgral calculation of the long-time disttibon provides an internal
check that the system can be well represented as a nonlinear Gaussiavigviark
system. Thiscalculation also sees to more sensiely distinguish among
alternatve Lagrangians which may approximately equally ®t the sparse data.

The use of the path irgeal to compare diérent models is akin to comparing
short- and long-time correlations.

Comple« boundary conditions can be cleanly incorporated into this representation,
using a wariant of "boundary elementtechniques. Thisypically is not true for
the diferential-equation representations.
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Fitting the Inf ormation in the Lagrangian

The Lagrangian must be ®tted to empirical data ia tested procedures: ithin
sets of trial functions, each set musvédts parameters/ca@tients ®tted. Then
the probability distrilation, considered as a functional of itrables, can be used
to describe thewslution of the system.

Similar to work in other disciplines in ®tting algebraic forms to search out
mechanisms of interactions, muckperience needs to baiged, ®tting diferent
sets of data with dérent algebraic forms, to search out functional mechanisms
common to speci®c systems (classes of combat).
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Example: LanchesterLik e 2-Variable Model
Consider just simple addre rnoise:

€ = Xpb + yh br +Z 4,

® = xPr +yBrb + 2%,

where thez's are constantslf we assume that the noisg is uncorrelated with the
noisehy, then

L= (@~ xgb- yhb?, (8- xPr - yRrb)’
272 272
C=D/Dt,Dr =r(t+Dt)- r(t)

® = Db/Dt , Db = b(t + Dt) - b(t)
In terms ofL, the probabilityP of obtaining a change nandb duringDt is
P = (2pDt) 1(Z' 2°) Y2 exp(- LDt)

Nonlinear multiplicatve moise induces a Riemannian geometry in the space of
variables, and more care needs to bestak de®ning the Lagrangiaihe ideal
size ofDt can be devied from the Lagrangian.
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Fitting Killer -Victim Scoreboards

For example, consider tav Red systemsRT (Red tanks) andRBMP, and three
Blue systemsBT, BAPC and BTOW, where RT speci®es the number of Red
tanks at a gen time't, efic. Considethe kills sufered byBT, DBT, eg., within a
time epocltDt » 5 minutes:
DBT
o BT = xBTRT + yBTRT BT+ xBLypRBMP+ yBL,,sRBMP BT
+257BThET + ZRTNRT + ZREMP RBMP
where theh's represent sources of (white) noise (in the Ito prepoint discretization).

Equations similar to the®T equation are also written foRT, RBMP, BAPC, and
BTOW.
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Very Fast Simulated Re-Annealing (VFSR -> ASA)

Very Fast Simulated Re-Annealing (VFSR), wiccalled Adaptve Smulated
Annealing (ASA), is an algorithm that ®ts empirical data to a theoretical cost
function over a D-dimensional parameter space, adapting toyiwng sensitiities

of parameters during the ®t.
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Empirically Fitting Combat P ower Scores

For example, the praous ®we mupled stochastic ddrential equations can be
represented equalently by a short-time conditional probability distiion, P, in
terms of a Lagrangiart,:

P(RxBxt + Dt|Rx Bxt) = exp(- LDt)

1
(2,0 Dt)5/25 1/2
where s is the determinant of thevase of the caariance matrix, the metric

matrix of this space, Rx represents {RT,RBMP} and B Xx represents
{BT, BAPC,BTOW}

After the{x,y, z,} are ®t to the data, and a mathematical model is selected, another
®t can be superimposed to ®nd théeefive “combat score’sd e®ned here as the
relatve cntribution of each system to the speci®c class of scenarios in question.

Thus, we calculate the aggaeed conditional probability
Pa(r,b;t + Dt|Rx Bxt) = )dRT dRBMRIBT dBAPCIBTOW
" P(RxBxt + Dt|Rx Bxt)
“d(r - WgrRT - WgrgupRBMP)

“d(b- WrBT - W3ApcBAPC- W30/ BTOW)
where thew's represent the desired combat scores.
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Lagrangian Assessment of Dynamics of Combat
Valid at each poinM®(x, t):

- e L
Momentung¢ = P = TAMSHD
“"Masst¢ = s
966 qqMC/)T(TMSH)
- L
Forcet¢ MG
L | ML

At VISR R TV
Rolustness
Well models other stochastic systems
Unit system® ? combat mesoscales
Possibility (random set) theory mayefsome microscopic degtion
Large-scale statistics of ige netvorks

Derivation of Most Probable &h (Trace)
TP/IM® =0
_ 1 _
ﬂM G/ﬂt — gG _ 5 g- 1/21'[(91/29(3(3(5/1'“\/' G¢

not simply deterministic limit of Lang&n equations
uncertaintye.g., intelligence, impacts most probable paths
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PRELIMIN ARY NTC STUDY
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Preliminary Mathematical Modeling of NTC Data

U.S. Army Tank/Mechanized I@intry Battalion &sk Force (M60, M113, ITV)
Defending Agiinst OPFOR Rgmental Attack
“Siberia’ A rea of National faining Center

From the single NTC trajectory quali®ed to date, 7e®@winute interals in the
middle of the battle were selectefrom six ANUS(T) runs, similar force-on-
force time epochs were identi®ed, for a total of 42 data pointshe follaving
®ts, r represents Red tanks, andepresents Blue tanks.

Fitting NTC data to an addie mise model, a cost function of 2.08vg
C=-2.49 10°b- 4.97" 10 “br +0. 320y,
=-2.28 10°% - 3.23 10%b +0.303,
Fitting NTC data to a multiplicate mise model, a cost function of 2.16ug
=-5.69 10°b- 4.70" 10%br +1.06" 10 2(1+r)A,
©=-570 10% - 4.17 10%b+1.73 10%(1+b)A,
Fitting ANUS(T) data to an addite roise model, a cost function of 3.58wg
€ =-2.15 10°b- 5.13 10 *br +0. 530,
©=-565 103 - 3.98 10%b +0.78%,

Fitting JANUS(T) data to a multiplicate roise model, a cost function of 3.42
gave

C=-2.81 10%b- 5.04" 10*br +1.58 10%(1+r)h,
G=-3.90 103 - 5.04" 10%b +3.58 102%(1+b)A,
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NTC-Model Inter pretation
Other systems should be included to represamidb, especially RedBMP's.

However, the BTOW (Blue Tow's) had a surprisingly small contrkion relatve o

the BT (Blue tanks). In this particular battle, the Blue forceasiléd to properly
identify and defend agnst all possible enemyvenues of approach into and
through the Blue sectorRed force reconnaissance located tiik of the Blue
force defensie positions prior to the attack, and the Red force scheme of mameuv
avaded the Blue positionsSix of seen Blue TOWs were killed, ®e by Red
tanks and one by a Red BMBlue TOWs were credited with killing tw Red
tanks and tw other (non-BMP) ehicles.

It is generally obsemd at NTC that troops do not use the®W's as much as
doctrine and apparent logic dictatAMSAA tends to agree that amistrust' of
this system probably stems from theceptional high dgree of accurac of
boresighting required.
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Model Comparison

This comparison illustrates that awdifferent models about equally ®t the short-
time distritution. Themultiplicative mise model shes that about aafctor of 100

of the noise might bedivided out, or understood in terms of the ydical log-
normal mechanism.

In order to discern which model best ®ts the data, we turn to the paghainte
calculation of the long-time disttifhon, to see which model best falle the actual
data.
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3-D View of Path Integral

In this sample plot, the horizontalesxrepresent Red and Blue forc&se \ertical

axis represents the long-time probability of ®ndingues of these forcesln
general, the probability will be a highly nonlinear algebraic function, and there will
be multiple peaks andalleys. For the ANUS(T)/NTC additve roise case, tw
time slices are shn superimposedTaking the initial onset of the force-on-force
part of the enggement as 35 minutes on th&NWUS(T) clock, these peaks
represent 50 and 100 minutes.
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JANUS(T)/NTC Exit Probabilities (Scoeboard)

Exit-probability boundary conditions were used for the zero-foroes,amnd
reeecting boundary conditions were used for the starting-fores.aResultare
for the ANUS(T)/NTC additve roise case at 100 minutes.
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JANUS(T) & NTC Attrition Means

The means of the addig-noise and multiplicate-noise models agree with other
very well.
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JANUS(T) & NTC Attrition V ariances

The Blue ANUS(T) variances see/to distinguish only the addite roise model as
being consistent with thé\BIUS(T) data.
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Discussion of Study

Data from 35 to 70 minutesas used for the short-time ®The path intgral used
to calculate this ®tted distuition from 35 minutes to lyend 70 minutes.This
senes to compare long-time correlations in the mathematical madsuy the
data, and to help judgeteapolation past the data used for the short-time ®ts.

Note that the means are ®ery well by this model, \en in out-of-sample time
periods, something that other Lanchester modelers hat achieed, especially
with such empirical data.

Other Lanchester modelers most often do not consider noise at all, and at best just
extract additve roise in the form of rgression gcesses. Morwvork is required to

®nd a better (or best?) algebraic forithe resulting form is required for input into
higher echelon models.

We have demonstrated proofs of principle, that battaliovelecombat &ercises

can be well represented by the computer simulathduB(T), and that modern
methods of nonlinear nonequilibrium statistical mechanics can well model these
systems. Sincenly relatvely simple drifts and dfisions were required, in lger
systems, e.g., at badge and dision levels, it might be possible toabsorb' other
important \ariables (é, human #&ctors, logistics, etc.) into more nonlinear
mathematical forms. Otherwise, this battalionyel model should be
supplemented with atree’ of branches corresponding to estimatetles of these
variables.
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SIMULATION EXTRAPOLA TIONS
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Unit Performance from JANUS(T) NTC Surrogate Model
The best resolution presentlyadable from NTC is at the compgrhevd.

The ANUS(T) what-if model can prade better resolution, at least statistically
consistent with NTC data.

Distinguish between:
reconnaissance
actve combatants

Distinguish between:
good shooters
poor shooters
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JOINT TLAM/SLAM PR OJECTS

A thesis student studied the use of a battleship battle groupyohepiNary
Tomahavk C's o support Army-Air Force AirLand Persian Gulf scenarios.

Another thesis student studied the use of carrier battle groupyieplomahavk
D's, SLAM's and RPVS o support Intgrated Strike Warfare (ISW) AirLand inter
German border scenarios.

Working with TRAC-MTRY and TRAC-WSMR personnel, we created these joint
scenarios onANUS(T). The present ANUS(T) construction \&s the highest-
resolution lage-scale Nay simulation currently ailable.

With Navy and Army represented IANIUS(T), we included Marine Corps and
Air Force operationsAnother pregious NPS thesis student included amphibious
operations.

We dso use statistical mechanics algorithmsyettgoed for our NTC project, for
sensitvity analyses of the data pided by these combat computer models.
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MATHEMATICAL EXTRAPOLA TIONS
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Fidelity Issues

Unit Fidelity

math aggrgdion required for interpretation at multiple scales
Battalion-Brigade Fidelity

this project uses present NTC data

requires~ compary-®delity data

Division Fidelity

calibrate to brigde-level exercises, soon at NTC?

requires~ battalion-®delity data

Lester Ingber



Satistical Mechanics of Combat

Human Factors Issues

Poor Representation in Computer Models
“Absorb’ Factors in Fitted SDE Co@tients?
seems o.k. at battalion ®delity
absorbed in force on force c@efients
must test by d@rapolating across battles
0.k. at dvision ®delity?

Lester Ingber
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Other Issues

Representation of &
synchronization at brage leel
management atsion at dvision level

Representation of Combat Service Support?

Representation of IPB (Intelligence, Preparation of Battle®eld)
(1) Sensitvity of theater models to ddrent approaches
(2) Inclusion/absorption of humaadtors into ariables/parameters
(3)Modern systems, e.g., cruise missiles
high ®delity interactions
short reaction times
large spatial ceerage
requires Gl at multiple scales
(4)Statistical comparison of approaches
(5)Baselining of approaches to some reality
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Super-Variables for Theater Models

Specify SupewWariables
(I...) Level of combat, e.g., battalion-bragle
(A...) Terrain
(1...) Force structure

(a.)C
(i...) IPB
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CONNECTIONS TO ATTRITION-DRIVEN MODELS
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Basic Assumption at Battalion Level
Dynamic Attrition = Faithful Measure of All Combatafiables

After Fitting Battalion-Le vel Data

Decision Rules + Local Linearization to Lanchester
reasonable compromise to ruamgames in real-time
might nelect noise to feed deterministic models



Satistical Mechanics of Combat Lester Ingber

Applications

HigherEchelon Army Models
TheaterLevel Context + Battalion-Leel Attrition Equations

c2 Models Driven by Attrition Equations
connect ANUS(T) to higher echelon®
degrade/jam communications betweeamgamers
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Reduction to Other Math-Physics Modeling

Phase Tansitions

bifurcation deelops in path-intgral calculation
already calculated in other systems

Chaos

adwantages of using algebraic models ®tted to data
investigate opportunities to induce chaos in opponents
folding of path intgral develops attractors in presence of noise
further reduction to deterministic limit
examine deterministic rate equations
uncertainty certainly»asts in combat
but does chaos?

Catastrophe Theory

time-slice of Rylor-expanded/approximated Lagrangian
examine polynomials ofr, b} variables, as parameters change

Al complementary to Physics

Physics: codi®es kneledge in ®tted algebraic forms
Al: decision rules déctively manage this kneledge

Spatial-temporal approximates to present appoach

additve-noise limit of multiplicatve roise
neglect noise: deterministic partial-tefential rate equations
expand Lagrangian as polynomial: Lanchester theory

Predator-Prey Biological Models

interesting It not necessarily relant
war is predatofpredator



Statistical Mechanics of Combat Lester Ingber

CANONICAL MOMENT A INDICATORS (CMI)
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New Indicators of Combat

LF
T(IME/t)
We epect the CMI and the ®tted c@fients to be morealuable predictors of
events in combat, as the battle®eld becomes more nonli#armavedescribed a
reasonable approach to quantitely measuring this nonlinearitgnd a reasonable
approach todithfully presenting this information to commanders in the ®eld so
that theg may male imely decisions.

Momentum® P © =
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Model

Consider a scenario tak from our NTC study: tvRed systems, Red-72 tanks
(RT) and Red armored personnel carrieRBMP), and three Blue systems, Blue
M1A1 and M60 tanksET), Blue armored personnel carrie®BAPC), and Blue
tube-launched optically-traekl wire-guided missileBTOW), whereRT speci®es
the number of Red tanks at ag time t, eic. Considethe kills sufered byBT,
DBT, eg., within a time epocbt » 5 min

DBT
— o BT =xEIRT +yBIRT BT

+xBoyp RBMP + yBL, (o RBMP BT
Here, thex terms represent attritionwing to point ®re; they terms represent

attrition oving to area ®re.The \ersion of Janus(T) used to generate this data does

not permit direct-®re fratricide; such terms are set to zeranost NTC scenarios
fratricide typically is ngligible.

Now consider sources of noise, e.g., that at least arise from&PHP, PK, etc.
Furthermore, such noise ék/ has its wn functional dependencies, e.g., possibly
being proportional to the numbers of unitgalwved in the combatFor simplicity
here, still generating much nonlineayionly diagonal noise terms are considered.
Coupling among theariables taks place in the drift terms (deterministic limit);
for simplicity only linear terms in the drifts are &kfor this prototype study

DBT
o BT = X3] RT + ypgyp RT BT

+xpoyp RBMP + yBL (o RBMP BT

+zBT BT hET
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Fitted Model

The table gies the results of ASA ®ts of the ab® 5 ©upled equations to Janus-
generated dataNote that the noise ca@fient is roughly the same for all units,
being lagest for BTOW. Note the relatie importance of coglcients in
™predictings the immediatexnepoch, withBTOW larger thanBAPC larger than
BT in depleting Red forces (b being multiplied by the total number of units at
ary time). Thecoef®cients of ™predictions$ of attrition by Red forcesRiasarger
than RBMP against BTOW, and RT less thanRBMP against BT and BAPC (but
being multiplied by the total number of units ay &ime).

RT RBMP BT BPAC BTOW hl.]

& - - -8.6E-5 -5.9E-3 -3.6E-2 3.7E-3
REMP - - -2.7E-3 -2.2E-2 -3.1E-2 4.3E-3
T -6.7E-4  -4.7E-3 - - - 7.9E-3
BAPC | -1.0E-4 -4.0E-3 - - - 6.7E-3

BfOow | -2.1E-3 -1.2E-6 - - - 1.3E-2
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The upper graph in the ®gurevgs the attrition data.The attrition data is gen as

the orerage @er 6 runs for each time pointThe lover ®gure gves the derved
CMI. After the ASA ®ts, the CMI are calculated for each point in time in each of
the 6 runs.The ®gure gies the average er the 6 runs for each time poinkote

that the attrition rate of all units igifly constant, and so there are no surprises
expected in this kind of analysiS’he marled changes of the systems at the end of

JANUS Attrition & CMI

the epoch signals the essential ending of the combat.
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TO DO
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1997 ANUS Update

Not only are we mang to to a ne era in tactics and doctrine with the theory of a
nonlinear battle®eld, and the %taevave® of warfare (information \arfare), weve

also seen a complete turn around in the capabilities of 2Red° (o0&t Baion and
client states) ersus 2Blue® (U.S./Nato) force¥vhen we did the studies of NTC
and ANUS data in the late 1980'the Blue side was at a distinct technological
disadwantage and the NTC scenarios were played out tinat whe MILES sensors

on T72s were positioned so that the T72s could not be killed by frontal hity by an
U.S. weapons, while M60s could be killed by daits from the T72 and just about
arything on the battle®eld could kill a U.S. APC ddW wehicle.

In the 1990s the U.S. andANO have advanced to a e generation of combat
systems (M1A2 tank and Bragld-ighting \ehicle) while potential adrsaries
equipped with 2Red® equipment (T72 and BMRjehant.
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Attrition Vs Maneuv er Warfar e

The 2non-linear® battle ®eld and the Arsiyodern 2manewar warfare® doctrines
call for the a switch in emphasis from the ®re and masedegscribed in Aitand
Battle Doctrine, which carries a connotation of 2attriticarfare® to an emphasis
on the use of more pure maneuvo when eer possible by-pass and nmak
irrelevant enemy strengths.

The issue is that the strongest proponents of manewarfare may consider 2force
ratios®, 2kill ratios®, 2attrition ratesgtc., the tools of poor commanders who
should be concentrating on ®nding and tipping the enemy center \ofygby
maneuer rather than calculating ratios for head-on attacks.

While maneuer is the technique of choice, andvdrg the enemy from the
battle®eld without ®ring a shot is the goal, in all€likood &en the most
masterfully manewsred force will still ®ght engigements and battles during a
campaign, and kmwdedge of ratios is still aalid command tool. Given the
complex operation emironment ewmisioned on a non-linear battle®eld, some
attrition combat is likly to be taking place at wargiven time that manewsr is
being ercised on another portion of the battle®eld.
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Value of Models and Simulations

We e&pect the CMI and the ®tted c@fients to be morealuable predictors of
events in combat, as the battle®eld becomes more nonlinear

Given the high cost of major ®eldxercises in an enronment of shrinking
budgets, our forces will rely more and more Vigaon modeling and simulation to
develop, test, and practice tactics and doctrine at alelde Modeling and
simulation remain highly useful diees for making tactical mistak and learning
lessons at little or no cosThe use of CMI and ASA tovaluate and impree these
models and simulation remains anthy goal.



