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ABSTRACT

The damage analysis of two targets due to submunition-ty pe missile warheads has been studied.
The paper discusses (a) damage to a battlefield (comprising army personnel, tanks, armoured personnel
carriers and soft-skinned vehicles) due to bomblet-type warhead and (b) the denial of an airfield
comprising runway tracks inclined to each other duc to blast-cum-earth shock (BCES) type of
warheads. Simulation technique has been used in both the cases. In addition, a mathematical model
has been discussed in the second case to compare the results of the simulation model. For comparison,
particular methodology for checking the denial criterion called conventional methodology has been
sed. Later, a new methodology has ‘been incorporated for checking the denial criterion in the
‘simulation model. A mathematical formulation of the new methodology has also been given.

1. INTRODUCTION i

Missiles are capable of carrying different types
of warheads, viz‘., submunitidn, biological,
concussion, incendiary, etc. The submunition type
of warheaé is mainly used against area targets, like
troop concentrations, airfields, etc. The extent of
damage to the targets d'cpcnds on the type of the
warhead and its lethal capabilities.

During|a war, one of the prime objectives of
the friendly- forces is ‘,0 deny the enemy airfields
and also to destroy his'aircraft on ground. Heavy
casualties to enemy troopst and armoured vehicles
is also an 1mportant factor in winning a war.’ .

This paper|is aimed to estimate the damage to
specified ground targets due to submunition- lypé
missile warhead, using a simulatioh technique.
Only two types of warheads, viz., bomblet-type and
blast-cum-earth shock (BCES) type are discussed

in this paper. ‘ ,
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In the first part of this paper, damage to a
battlefield comprising army personnel, tank,
armoured personnel carriers (APCs) and soft-
skmned vehicles' (SSVs) due to bomblet-type
warhead! has been discussed. Second part
discusses the denial of an airfield comprising
runway tracks mclmed to each other using BCES

type of warheads™ 2.3 )
)
2. Damage Assessment of a Typical Battlefield

using Bomblet-Type Missile Warhead

The trajectories of individual launch tubes and
bomblets have been computed after their respective
ejection timings from the warhead. The impact
points of the bomblets on ground have been
considered for the determination of distribution
pattern of the bomblets on ground. This has been
repeafed for various missile warhead velocitics. It
is observed that the lethal radius of the warhead and
the digtribution pattern of the bomblets vary with

the velocities of warhead and the heights of release.
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2.1 Computation of Trajectories |

The following assumptions have been made
for the computation of the trajectories of launch
tubes and bomblets:

(a) The warhead is falling freely.

(b) The aerodynamic force acting on the modules and
bomblets is the drag force (which includes various
forces due to parachutes) acting opposite to the
direction of the velocity vector.

{
(c) Parachute is a mass-less extension of the main
body. \

(d) Indian standard atmosphere, sea level condition,
exist. ‘ '

'

The origir; of reference frame for the
computation of the trajectories is considered to be
positioned at the point of ejection of the first
module. Its Y-axis is vertically downwards and the
X and Z axes together form a right-handed
coordinate system.

A three-dimensional point-mass trajpctory
model has been used for the computation of flight
paths of the modules and bomblets, and the

equations used for this purpose are

2
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where

0 =Angle of elevation
¢ =Angle of azimuth
Cp= Drag coefficient

p = Density of air !

g =Acceleration due to gravity
m = Mass of the body
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For the c&mputation of the trajectories of
bomblets, skin friction cocfficient Pf the ribbon has
also bgen taken care of.

=
2.2 Denial Criteria ¢

For the estijnation of‘ the damage to the target,
the followmg denial criteria have been considered.
In this model, a person falling within the lethal
radius of the warhead as well as the bgmblet, has
been considered as killed. In the case of tanks,
APCs and SSVs, a bomblet;hit on it is taken as the
condition for the denial. Mathematically, the same
can be described as ’ !

If (X,.Y,), (XpY,) and (Xp Yp);’ are the
coordinates of the warhead, a typical bomblet and

personnel respedtively, the person is considered to
be killed if the following conditions are satisfied:

- ——

) !
X, =X, Y2 (X, = Y,)? S lrwi?
L Ky = X, ) 4 (V= V) 1t !
where '
I'wh = Lethal radials of the warheaL

(2.2.1)

Itb  =Lethal radius of the bo‘mblet

Similarly, if (X1,Y7)' are the coordinates of a
typical tank/APC/SSYV, then it is considered to be
killed, if

X _\'-,,-r‘ L Yo)°

% SN (2> e)

where It and 'bT are respectively, the length
and breadth of the tank and'lt is assumed that the
tank is an ellipdoid.

<1 22.2)

2.3 Model !

A rectangt'xlar target of L x B m?® on which Ny,
number of personnel. NT, tanks, Napc, armoured
personnel carriefs and Ny, soft-skinned vehicles
uniformly distributed, has been taken as the
scenario. The N, pairs of umform random numbers
within the target area have heen generated to locate
the personnel positions. Samé method has been
followed to generate the tank’s, APC’s and SSV’s
positions. These points mre storéd as a structured
array in the computer. !
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The aim points to drop the missile warheads
are pre-decided. Warhead makes an impact at a
point which is normally distributed around the aim
point. Taking thése points as the warhead mean
impact points, the (x,,y,) coordinates of bomblet
positions have been generated.

To comput'; the damage to the target, the (x,y)
coordinates of personnel, tanks, APCs and SSVs
have been checked to aséertain whether the target
is falling within the lethal radius of the warhead. If
a person is falling within }he lethal radius of the
warhead as well as the bomblet, he is assumed to
be killed and the counter is incremented by one and
the (x,y) coordinates' of’ that person are removed
from the array. In the case of tanks, APCs and
SSVs, the condition is checked for the possibility
of a bomblet falling on it. If it is so, the counters
are incremented by one and their (x, y) positions are
removed from the array. This process is repeated
for all persons, tanks, APCs and SSVs lying within
the lethal radius of the v»rarhead.

The trial is repeated n times, and the ratios
(number of targéts killed/total number of targets)
are computTd for personnel, tanks, APCs and SSVs.
These ratios give the probability of denial of
personnel, tanks, etc. | '

3. DENIAL OF RUNWAY TRACKS US‘ING

BCES-TYPE WARHEADS !

BCES-type warhead, generaily used against
runway tracks, is cépablc of inflicting craters to the
tracks, mfaking them unserviceable. An airfield
consistiné of thrqe tracks inclined at arbitrary
angles (a main runway denoted ‘RW’, a carway
denoted ‘(FW’ and another runway denoted ‘ARW?)
is considerrd for attack. Here, a simple layout of
the airfield! tracks where ‘CW’ makes an angle of
‘0°" and ‘ARW’ make$ an angle of ‘90% with the
RW has been considerell. The denial criterign of the
airfield is that a strip pf dimension Ly x Wy
sufficient for dn aircraft to take off in an emergency
is not available on the track. A particular
methodology 'for checking the denial critériqn
called conventiodal mcthodology has been uscd
here for the comparison of sirx}ulation and

mathematical model results. Later, the simulation
results are modified by incorporating a new
methodology for checking the denial criterion.

3.1 Conventional Methodology for Checking

Denial Criterion

Consider the case of a runway of length L and
width W. Certain number of areas (called DMALY’s)
are cut on the runway and are divided info parallel
strips so that, if one bomblet falls in a strip, it is
assumed to be denied4. Thus, if all the strips of all
DMATI’s of the runway are denied, the whole
runway is considered to be denied. This method-
ology is termed as conventional methodology for
checking the denial criterion. In the following
sections, this methodology is first used to estimate
the pumber of missiles required to deny the runway.
Later, it is modified.

DMALI’s and strips are chosen in such a way
that, if each strip has one bomblet, nowhere a strip
of dimension ‘Ld x W, will be available. Number of
strips N; of effective width W, in-a DMALI is given
bv

1,"lf Wd =W
N, = 2w, 1, otherwise @ b
Wd + 2rb |
where ) ’

W, W, are the width and denial width of RW
respectively, and r,, the letha] radius of the
bomblet. | '

3.2 Simulation Model for Missile Attack

In this section, lMonte Carlo technique of
simulation is used to find the number of missiles
required to be dropped on the runway tracks to
ascertain a specified level of damage.

Aim points are taken as the centre of DMAI’s.
Let (x4y4) be the coordinates of one of the aim

points. To find the impact point, two normal
random numbers « and y arc generated as”

x=Vv=2 log(uy) sin (2r uy)

and

y=V32 log(u1) cos(2muy)



DEF SCI J, VOL 47,NO 1, JA'NU1\RY 1997

where u; and u, are independent uniform
random numbers in the interval (0,1). Then the
coordinates of the impact point are given by

Xp=Xg+ X0y

YI=Ydt YOy (3.2.1)
where o, and c)‘, are the standard deviations of
impact point in x and y directions respectively.

Thus, due to its circular error probability
(CEP), the warhead aimed at pomt (x4 yq) has fallen
on pomt (x1,y7)- Assume that the warhead contains
n, number of bomblets, each of lethal radius ry
which, after detonation, are distributed uniformly
within a circle centred at (x;y), and of radius R,.,
which is called the lethal radius of the warhead. To
generate the (x;y;) coordinates of the i'® bomblet,
take a pair of independent uniform rapndom
numbers (v, Vo) from different streams of random

numbers between 0 and 1 and put
xX; = (.XI - Rwh) + (2Rwh)v &

¥i = (¥ - Ryp) + (2Ryp)V2

The condition for the bomblet to lie within the
lethal circle’is given as

=) + 0= )" S Ry = 7p)

If this condition is not satisfied, go on
generating different pairs of (x; y;) till the
condition is satisfied.

Knowing the position of all the bomblets, it is
ascertained that each strip of width W has at least
one bomblet. If all DMAI’s are denied, the
experiment is a.success, otherwise it is a failure.
Trial is repeated say 1000 times and the probability
of denial is calculated as the ratio of the number of
successes to the number of tr'}als. To ascertain the
correct probability of denial, probability has been
calculated n times (say 15 times) and the actual
probability of denial has been obtained as the
average of these n probabilitiés..

3.2.2)

In the next section, a m@thematical model is
presented for the comparison of simulation model.

110

3.3 Mathematical Model !

In |Im scctipn, a mnll’lcmaucnl model has been
prescnlcd for comparison (with the simulation
model propdsed in Section 3.2. In the mathematical
model, the old methodology for denial criterion has
been used. It is assumed that, if thelresults of
mathematical and simulation models agréc for the
old methodology, it will hold good for the new
methodology (Section 3.6) too.

At first, consider the case of a smgle DMAL
Let this DMAI (say i) be divided into N; number
of strips. Then

L;= Length’of it" DMPI '

W, = Width 'of the .“‘ DMPI

|
L* = Length of the k‘*‘ strip of it DMPI

wk = Width of the k™ strip of i tmpl

According to the old methodology described in
Section 3.1, a DMAI is considered as denied if each
of its strips simultaneously has at least one bomb-

let. If E"’k is defined as the event that Kt strip of

the i" DMALI is denied, then the probability of
denial of whole DMAI is the probability that all the
strips of the DMALI are denied, 1 e.

Ni ~ !
Pt A B (33.1)

| A=

Using the 'additive law of probabilities, one

gets

PEX EY = PES) + PES) - PERU EY)
] (3.3.2)

Equation (3.3.2) is substltuted in Eqn. (3.3.1)
for all the strip combinations .and a generalised
equation involving probabilities of events and their
unions is obtained. To firld these probabilities, the
expected number of bomblets falling on the

combination of strips taken one, tWo, ......... N at
a time is to be evaluated. Knowing the expected
number of bomblets on a typical afea, the
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probability of at least one lbomblet falling on it can
be evaluated by Poisson’ s, distribution law.

3.4 Expected Number of Bomblets over Speclf‘c
Area

First of all, the cdverage of mdlvidual strips of
any DMAI when one warhead is aimed at any other

DMALI, has to 'be evaluated Defme CI‘ as the

coverage of K strlp of i DMAI when a missile
warhead is dropped at the centre of j* " DMAL The

expression for q{‘J is given by7

Cij = ;lf J Af _[ P(Rwh,tj)dxdy

b

where the integral is taken over Af-‘ which is the

l
area of k™ strip of ith DMAI and P(R,,, 1) is the
circular coverage function given by '

1. %a 2

P(Rwh 1) = l 8{5 (x5 it {Y’W)J
n ; I

RW

0

R\, = lethal radjus of the warhead.

h

e = > (r +2r\/(x—§) + (y- n) cosG)rdrdG

O =y A

=V (x- &%+ o-n)° , is the distance of an
arbitrary point (x,y) of the target from the aim point
P{&M) where P; i the centre of the /' DMAL

Averagé area covered by on|e bomblet of the
missile is | \ S '
2
Ryyp)
?lb

A ==

ay

where
n, ='Number of bomblets in one- warhead,
dnstnbuted‘umformly within its lethal radius.
Thus the expected number of bomblets falling
on &'t St!‘lp of it DM{\I when one warhead is
dropped on j! B DMPI is given by
e wi ,
n,J = ‘—Z— X i
av |
As a corollary of the above, relation, the
number of bomblets fallinglon K strip of it DMAI

(3.4.1)

due to all DMAI’s, when n; warheads are dropped
at j™ DMALI is

d
k_ ek (34.2)
n; E (n]><n j) _

where N, is the total number of DMPI’s.

Similarly, it is shown in the succeeding
sub-sections that the expected number of bomblets
falling on the union of strips is the sum of the
expected bomblets falling on the individual strips.

3.5 Probability of Denial of Complete Airfield

Let the airfield tracks have N; (N; = 8 in this
case) number 6f DMAI’s, each DMAI divided into

Ni number of strips. Thus there are in all
N, .

Ng=Y N; strips, irrespective of the DMAI to
i

which they belong. Following the concept of

addition of expected number of bomblets,

kI kdm klm
nu,n and n,J .....

number of bomblets falling on the union of (k &

are defined as the average

l) , k&1 & m) strlps of it DMPI when one
warhead is drdpped at _] DMPI. Then
kl k i
nij = mij + g
gkdm _ ko . @s)

nij" = g+ n,J+nJ

Using Eqn (3.4.2), the average number of
bomblets falling on the union of (k & l) k&l &
m)th ...... strips of i! DMPI when n; warheads are

dropped at j'® DMPI can be calculated.

-Similarly, the number of bombs falling on the
combination of any number of strips is nothing but
the sum of the bomblets falling on the individual
strips. ,

Let E"’“’" ‘be the event that at least one of the

pqr...
strips out of k' strip of pth /th str jp of g and so
'™ DMPI is

on DMPI, due to a warhead droppcd atj
occupied. The probability of occurrence of this

event is defined by

skim kim 352
P;qr.i“P(E;?quJ @32
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Thus the probability that at least one of the
strips out of k" 'strip ofp DMPI, th strip of q
DMPI and so on is occupied due to a bomb dropped
at j th DMPI is gwen by

P;}J:”: oy ”r’ ; (3.5.3)
where

klm _ k m
pqr;i = npu- + n,;,- + ..

Similarly, the probability that union of (k, I,
...) strips of p h DMPI has at least one bomblet,

when warhead is dropped at h b DMPI is -
{

cim.. kim...

_ -n,.; .
Ppy =l-e 7w (3.5.4)
ee nd - ore .
Thus, if P§ is the probability that all the strips

of i™ DMPI are occupied due to np, ny ... ng
warheads dropped respectively at Py, Py .... Pg
DMPI’s, then

Py =Y PEY - X PE* UED
k k,l
+ X PEFUE UE
kJdm .
-Y PEFUENUETOE  (355)
klmn
where k,{,m,n stand for strip numbers of i

DMPI.

Probability, P of total runway denial is the
probability that all DMAISs are denied. Thus, if P is
the probability of occurrence of event E‘-], ie.,

demal of I'™ DMPI due to n; warheads dropped at
h DMPI, then the total’ probabnhty that all the
DMPI’s are simultaneously denied is

8 ,

pP=P (‘\E‘,i ' (3.5.6)
i=1

When intersection is converted. to union, onc

8
Pp=YrPEh-YpPE UE
i=1 ' iy
+Y PECUE UED (3.5.7

ijk

12

f
Probability, P is the level of assurance with
which runway can be denied be n; warheads
dropped at j'" DMP], whcrc j £ 1 to 8. If this level
of assuraiice is less than the stipulated level of
assurance, n; can be mcreased on a, DMPI, on
which probabllxty of denial is low.

Equation (3 5.7) can be wntten in a simplified
way for compbtauon The condmon of denial of
whole runway, is that jall the DMPI's should be
demcd which in turn, means that all the strips
should have at least one bomblet due{to ny, ny ..ng
warheads simultaneously dropped at P, P,..... Pg
DMPI’s. Thus Eqn (3.'5.7) can be written in the
form

Ns N,
P=Y PE"* -3 PE*UEY+

k=1 ki=1

k22

N,
+ ZP(E"kuE” UE""") (35.8)
klm=1
k#lk%tm

Here the idenfification of strip by DMPI
number has been dropped.

3.6 Modified Methodology for Checkmg Denial
Criterion

It is observed that the old methodology of
checking the denial condition is sufficient but not
always necessary..It can be seen that, in some of
the cases, even if a strip does not have a bomblet,
the distance between two bomblets in neighbouring
strips is less than Wd‘.!Keeping this in mind
conventional methodology is modified. In the
following sections, determination of the aim points
has been cxplamcd and then a mathcmatlcal
formulation of th,c methodology 'has been
presented3. ' !

1Y

3.7 Determination Iot' Aim Points (DMPI’s)

Consid¢ring the case of runway, let the runway
be divided into N, number of sections given by
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P=L/L,, otherwise: CARY
where L and L, are the length of runway and
the denial lcngth rcspectlvcly Thus the length L,

of each section is given by

{Int (L/Ly) + 1,if remaimﬂer #0

L
Lp =5~ (372

and . i

Ndmpi=Np —‘ 1 i

where N, ; is the number of aim points which
are in the middle of corresponding two sections.
These points afeithe aim points for the missile
warheads. Due to errors in landing, let these

warheads fall a'} two .extreme ends at a distance

30 from the aim point. Thps if L}is the free- length

available in a partlcular s‘np, then
Ly =Ly = 2Ry + 60 |
Since the criterion for the runway denial of
each runway is that nowhere an aréa of dimensions
L; x W4 should be a\)allable for the runway to be
denied, ) i
60 < Lf <L, " (3.74)
If this condition is not true, then the number
of sections is increased by one. )
Equation (3.1.1), gives the number of strips in
which full runway is divided. Similarly, the aim
points and stnps on, other tracks also can be
determined. Runway, carway and auxiliary runway
are attacked by 'dropping a desired number of
missile warheads on each of these DMPl s.

After httackmg the' alrfleld with missile
warheads the positign of each bombiet is simulated.
Then each bomblet is checked whéther it falls on
runway, carway or aux11hary runwab After finding
the sxmulated posmon of each-bomblet, it is found
that on Wthh strip of the tracks bomblets fall. The
strips are numbcrcd from top td bottom and on cach
strip the bomblets are drranged in the increasing
order of their x-coordinates. The mcthodology for
checking thq denial criterion is described here.

| (3.1.3)

]
3.8 Mathematical Formulation of the
Mcthodology

Consnder the case of a runway After a desired
number of warheads are dropped on the runway, the
position of each bomblet on the runway is found
and that the RW is denied or not is ascertained. Let
(rwax, rway) and (rwcx, rwcy) be the respective
left-top end and right-bottom end of the runway.

Let the runway be divided into » number of
strips. Strips are nurrllbered from top to bottom. X-Y
coordinate system is chosen; such that positive
Y-axis is down towards the bottom of RW and RW
is taken in the first quadrant. For all the strips j, let
mj be the total number of bomblets falling on jth

strip (Fig. 1) Let (<, y’-) be the posmon of it
bomblet in j' stnp fori=1,2,.

Figure 1. Bomblet-type warhead dropped on an area target

) I3 s ‘
Put X, = rwax ‘and .xjmj+1 = rwck, for all j.

For all j define the set B; = (1, 2, 3....

mj, mj+1} :

]

Now for all i € By j= 1, 2, ... n, define the

pair (xf , xi) as follows '

13
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If m; # 0, de%ine

x’ I".Xj‘_l,ifi=l

l'=('J A N . N \
|xi g +rp,ifl<ismj+1

J L ifi=mj+1

r

=.\lx{:—-rb,i<mj+ 1

if mj = 0, define

x{: = rwax and x’, = TWCX

Letj € J, where J = {1,2, ..... , n}

for i = 1, check the inequality

Ao, S (3.8.1)

If Eqn (3.8.1) does not hold, we say the trial is
a success for i'™ bomblet on jth strip, and replace

x{: and x’, in (3.8.1) for the next i and continué the
process. Otherwise,
if n = 1, trial is a failure on the runway
if j = 1, put yr = rwax and xy? = rwax
if j = n, put yb = rwcy and xyb = rwax
if j # 1, define the set
v=yt < <A1y
if j # n, define the set
L=y <t <ddr 1y
If U or L is empty, trial is a failure on the
runway (or runway is not denied). Otherwise,

Let y)3' = maximum of the set U and

,:Tl = minimum of the set L

Put yt = ylg' + r, and xyt = o'+ g

yb =y’ - 1
Now check for yb - yt 2 Wy (3.8.2)

If Eqn (3.8.2) holds, the trial is a failure on the
runway.

and Ayb = 1+ 1,

Otherwise, replace x; in (3.8.1) by

max(xyt, xyb), if j=1 or j=n
min(xyt, xyb), otherwise

114

and continue the procdss. |

If the trial is a s'uccess forall i = 1,2, .... mj,
mj + 1, on j, we say trial is a success on the strip j.
If the trial-is a, success on all the strii)s, it is a
success on the runway, i.e. the runway is denied.
Similarly, the,denial of other tracks can be
determined. (Fig.2). .

4. DATA USED

4.1 Bomblet-Type Warhead

Length of the target | " : 1000 m
Breadth of the target ' 21000 m
Number of bomblets per warhead : 1150
Number of persons per km? : 720
Number of tanks per km? : 52m

Number of armoured personnel carriers per km?
: 42
1

Number of soft-skinned Vehicles per km?: 62
\
CEP of warhead ' : 100 m

4.2 BCES-Type Warhead

Runway dimensions : Length = 3100 m,
Bieadth = 50 m

Carway dimensions : Lt‘:ngth = 3100 m,
Breadth = 25m

Auxiliary runway dimensions: Length = 2100 m,
b"readth =50 m

Denial barameters ": Denial lex')g'th = 1000 m,
Depial width =25m

CEP of the warhead 1 . 2150 m

Lethal radius of the warhead :250 m

Number of bomblets n, 32
Lethal radius of the bomblet 132 m

5. RESULTS & CONCLUSION|

Table 1 gives the kill probabilities of a typical
battlefield comprising bersonnel, tank%, APCs and
SSVs, due to $omblet-type warheads. The mathe-
matical model of Section 3.3 is fuite generalised
and tdkes into' account any number ¢f DMPI’s. In
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Figure 2. Simulation of a typical trial

the case of old methoaology for checking the denial
criteria, the results of simulation when different
number of missile War_heads are dropped on
different DMPI’s have been compared with those
obtained by mathematical model. A good
agreement by both the methods has been observed.

With the data given in Section 4 and using the
old methbdology for denial criteria, the s1mu1atxon
model has showh that 48 Warhcads are requxred to
be dropped on the airfield tot achieve.a denial
probability of 90 per cent (Table 2). The mathe-
matical model, when similar nunhber of missiles are
dropped, also gives 93 per cent probability of
denial. By taking into consideration the modified
methodology foxl' checkingithe denial criteria, the

number of missiles required is much ]ess, viz., 18.
If mid-bombing method is used (dropping
warheads on DMPI's located in between RW and
CW and at the crossings of the tracks), the number
of warheads required for 90 per cent denial
probability is still less, viz., 17 (Table 3). Figures

Tnblve‘l. Kill probabilities due to bomblet-type warhead

One warhead One warhead
dropped at the centre dropped at the
of four sectors of the centre of the target
target

Personnel 0.560 0.160

Tank 0.070 0.018

APC 0.040 0.012

SSv 0.060 0.013
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1 and 2 give computer outputs of simulation results
using bomblet-type warheads and BCES-type
warheads, respectively.

Table 2. Comparison of probabilities of denial of airfield (old
methodology) by simulation and mathematical models

No. of No. of No. of Probabilities of denial
warheads warheads warheads Simulation Mathematical
onthree  onthree  ontwo model, model
DMPI’'s DMPI's DMPI's

onRW onCW on ARW

1,1,1 1,1,1 1,1 0.0000 0.0000
2,2,2 222 22 0.0145 0.0160
33,3 333 33 0.1604 0.1874
44,4 44,4 4,4 0.4195 0.4786
55,5 55 55 0.6612 0.7119
6,6,6 6,6,6 6,6 0.8211 0.8502
10,13,13 1,00 6,5 0.9045 0.9339

Table 3. Probabilities of denial of airfield using simulation (new
methodology)

No. of No. of No.of = No.of Probabilities
warheads warheads warheads  warheads of denial
onRW onCW onARW  onMID

DMPI's DMFPI's DMPI’s DMPI's

1,1,1 11,1 P 0,0,0 0.19
2,22 2,22 2,2 0,0,0 0.82
3,33 33,3 3,3 0,0,0 0.98
233 22,2 22 0,0,0 0.90
0,0,0 0,0,0 4,4 05,5 0.94
0,0,0 0,0,0 4,4 04,5 0.91
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