


-1 his rcFori *as prepxed as art account of wn:k ;sonsored by an agsncy sf the 
United StatesGovernrncnt. Neiihei th Statcs Gove ! nor any a j m c y  
thereof no i  any of their ecployees, ii-hakzs 3ny wYarran;y, zxDress or implied, 0 1  

msurnes any legal liability or recponsibility tor :iis 3ccuracy. coiiipletcness. or 
usefulness of any infoi i i iai ia2. apparatus. product. or process disc!sscr! or 
represcats thet !?s dse $.*auld not infrinsc privately w r r &  rights !?e:e:e.nce hem:; 
to 2-y soecific cornmetcial produoi, process, or service by trade m m c .  ::-demark. 
manufacturer. or otherwise. docs "ot n e c x x r i i y  cijiisirtute or Iiiiply its 
endoiwmcn!. recomirrwidaiiorl. O i  favoring by the United 9 ' :ates~overn,- i ie, i t  or 
any agency therezf 'I he vie?!s and opininns of authors ornressed h c x n  do riot 
ncce?ssti;y state or re!?ect those r,f thelJnitedStatesGove,~lme-! or a n y  agmcy  
thercs! 

L I___ 



ORNL/TM-10973 

Engineering Pliysics and Mathematics 

P c ~ ~ c  RUSU 
Physics Department 

University of Colorado 
Boulder, Colorado 

DATE PUBLISHED --DECEMBER 1988 

NQTICE: This document coritains information of a preliminary 
nature. It is subject to revision or correction arid 
therefore docs not represetit a firm1 report. 

3 4 4 5 b  0 2 8 3 9 3 5  





ABSTRACT . . . . . . . . . . . . . . . . . . .  v 

1 . INTRODUCTION . . . . . . . . . . . . . . . .  1 

3 . CONCLUSIONS . . . . . . . . . . . . . . . . .  8 

REFERENCES . . . . . . . . . . . . . . . . . .  9 

2 . COMBAT MODELING IN TWO SPATIAL DIMENSIONS . . . .  3 

... 
111 





ABSTRACT 

The system of partial differential equations introduced in Reference 2 to modcl 
combat in one spatial dimension has been exteiided to include two spatial dimensions 
aid has been numerically integrated to dennonstrate its capability to describe 
maneuver. The analysis of a turning maneuvcr is demonstrated. 
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For a detailed explanation of symbols and notation, see Ref. 3. The nonlinear 
interaction in the Eq.(2) is represented by the convolution term u z k z  * uJ  given by 

where i , j  E {1,2), i f j .  The kernel k,, represents the attrition inflicted on force u ,  
by force uJ  during engagement. The coefficients d, and e, have the same meaning 
as in Eq. (1)) and the coefficients a, and b, iiiodel the natural birth and death 
phenomena. The diffusion coefficients D, account for the local loss of order during 
the battlc or only the displacement of troops and c ,  are the convection velocities 
introducing in the model the effects of the command and control and the tactical 
principles governing the movement of the troops on the battlefield. 

The aim of the paper is to assess the capability of the two-dimensional model to 
describe the tactical aspects in mid-intensity conflict. By using numerical methods. 
the qualitative behavior of the model has been studied for different test cases. Here 
we give explicit results for the turning movement. 
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intervals of time comparable to those intended to follow the evolution in the relevant 
two-dimensional cases was sought. 

h’roni the point of view of numerical computation, there is a fundamental time ‘i- 
associated with each combat situation, This is the time needed by the troops moving 
with their average or normal speed to travel across the battlefield. The battlefield 
was chosen to bc a square with each side taken as the fundamental unit of length. 
The value of 7 is numerically equal to the inverse of the average speed of the moving 
troops. For intervals of time At that are of the same order of magnitude as T ,  the 
conservation of the total number of troops rniist be satisfied acj well as possible in 
the absence of attrition. 

The theoretical device to insure perfect conservations is to impose mixed R.C.’s 
that would cancel the individual diffusion-convection currents at the boundary. 

The ca,ncellation of y k  on 30, the b, boundary of the domain CR, is equivalent to the 
choice ?k = 0, Gk = -Zk,  ,Bk = DI, in the corresponding 13.C.’~. The consequences 
of this choice for the BC’s in the case n = 1 was studied because this situation was 
not previously investigated despite its importance for the confinement of combating 
armies to the battlefield during the engagement and the results of such a test are 
relevant for the two-dimensional modeling. 

The parameter controlling the numerical stability and the accuracy of the 
solution for the simulations where the attrition was turiieil off is the ratio p = 5. 
If one dccidcs that “quantitatively good results” mean, in fact, boundary generat’ed 
losses smaller than 23% in the tota,l number of troops for intervals of time 
At - O ( r ) ,  the conclusion of these test,s is that “‘good results” can he obtained 
only if n,  - O(100). For the cases where n = 2 case this means TIODE .v Q(104) 
which is too large to allow a reasonable numerical trea.tment of the problem. 

However, the corrcct qualitative behavior is visible in our modeling based on 
the Eq. (2), even with such a small number of points per direction as 32.  Although 
the losses due from Lounidary crossings would be larger in this case, parallel runs 
of the code with the attrition turned on and off can distinguish between the losses 
due to engagement and those due to numerical imprecision. For this rough grid, 
and n .= 2 it follows that a TZODE = 2048 for a two-forces combat, and ~ O T , E  = 3072 
for the cases when three forces a,re involved (in this last case t,here might be 
in fact two forces fighting but one is made up of two more or less independeiit 
pa.rts). For these calculations, a good value for p was found to be 2.5 x l o 2 .  
‘:I.’his value for p insures sufficient stability during evolution for a Gaussian shaped 
initial distribution of forces. It should be pointed out, however, that for “square” 
t,ype initial distributions, the combination betwecri the small number of points 
pcx direction in the spa.tia.1 grid and the value of p given above proved to be 
unsatisfactory. During the evolution, the dist’ribution of troops developed oscillating 
trails which are unacceptable in coxnlmt modeling because the density of troops 
cannot take local negative values. 
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choice as it ensured an acceptable conservation of the total number of troops in 
case the attrition was turned off. Thc boundary conditions have been modeled 
according to the instantaneous convection velocity which is entered as a coefficient 
within the B.C.’s. This approach proved to be at the same time the simplest and 
the most efficient for allowing a reasonably simple version of the numcrical code, 
besides the realization of a good numerical conservation of the number of troops 
during the runs. 

The combat situatioii that was successfully modeled was a turning maneuver 
which required the presence of only two equations in the system ( 6 ) .  The classical 
schematic way this maneuver is described in the military literature is presented in 
Fig. 1. The numerieal simulation did clearly demonstrate the movemerit of troops 
on the f i c k l ,  the active phase of the battle when the direct contact is realized and 
the mutiial attrition decreases the number of troops engaged in combat, and the 
retreat of the defeated force (not shown in Figure 1). If the defeated force is the one 
that made the attack, this last phase of the battle takes place on the same track 
a s  the one used for engagement but in reversed direction. If the entrenched force is 
the defeated one its retreat is rnade on some new track conveniently chosen. The 
loss of the tota,l niimber of trooFs of one combatant that triggered the retreat was 
arbitrarily set at 15%. The specific results obtained through numerical simulation 
are well illustrated in a companion paper.(6) 
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Figlire 1. Turning  Maneuver. 



3. CONCLUSIONS 

The numerical study of the PDE combat model has proved its value in dealing 
with some of the complex aspects of the modern warfare. The results presented here 
clearly show that thc tactical aspects of certain forms of maneuver are accurately 
described by  the two-dimensional version of the model. Finally, a good knowledge 
of the softwnxe that can be used for the integration of this type of equations 
has resulted. This has generated a more realistic point of view regarding the 
expectations of a researcher working in the combat modeling field. 
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