A.

V. CONCLUSIONSAND RECOMMENDATIONS
CONCLUSIONS

This thesis explores the applications of regresson modes on data from the World

War |l Battle of Kursk—the greatest angle tank bettle in history. The anayds tools used

are two regresson techniques, linear regresson and robust LTS regresson. The results

and a brief interpretation of each regresson modd ae given in the modd’s

corresponding section.  The results obtained from the datidtical regresson modds are

intended to provide indght into the Battle of Kursk, as well as into combat modeing in

generd.

When al the regresson modds are viewed together the following conclusons are

reached.

It is observed that the origind Lanchester equations do not fit to the Battle of
Kursk data, and therefore may not be appropriate for modding the combat. Of
the three ill-fitting Lanchester equations, the best fit is obtained by applying the
linear law, which is used for modeling ancient warfare or areafire.

The parameters derived from Bracken and Fricker's Ardennes studies do not
goply to the Battle of Kursk data  This implies that there are no unique
parameters that apply to dl battles.

Another interesting result with respect to Bracken's methodology and modes is
that, upon a closer examination of his findings, the SSR vaues given by multiple
p and g vaues are in the same vicinity, as seen when plotted usng a 3-D plot.
This is dealy seen in Figures 79 through 82, which cover the breadth of

approaches and show avariety of fits.
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Figure 79 shows the SSR vaues plotted versus p and g parameters using
Bracken's modd, with the tacticad parameter, for the Ardennes Campaign data when
a=8x10"°, b=1x10"°%and d=1.25.

The SSR vdues do not change much in the vicinity of the best fit. Except for the
pike seen on the upper far right corner, the SSR vaues are rdatively insendtive to p and
g vaues Figure 80 gives a closer look &t the region in which the lowest SSR vdue is
found when p=1 and g=1. A broad range of parameters fit about the same in a valey of
the surface as p increases and q decreases.

For Bracken's modd, without the tactical parameter, for the Ardennes Campagn
datawhen a=8x10°, b=1x10®, p=1.3 and g=0.7, the same pattern observed in Figures
79 and 80 dso hold true, and thisistrue for other p and p analysestoo.

Figures 81 and 82 show the 3D grid plots for Bracken's modd with the tactica
parameter for the Battle of Kursk data when a =1.2x10"%, b =9x10"° and d=0.9. Figure
82 provides a closer look at the region in which the lowest SSR vadue is found (i.e, when
p=0.1 and g=2.0). This patternissmilar to what we have seen for Ardennes,

For Bracken's model, without the tactica parameter, for the Bdttle of Kursk data
when a=1.2x10"%, b =9x10"%, p=0.3 and g=1.8, the same pattern observed in Figure 81
and Figure 82 dso holds true. This result is agan smilar to what was found for the
Ardennes data, suggesting that a broad range of possible modesfit just about as well.

In the light of the findings stated above, it is a logica next step to have a look a
the mode’s residua surface when a and b depend on p and g, and d=1. The results are

given in FHgures 81 through 84, where a and b parameters are chosen to minimize SSR
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Figure 79. SSR vaues plotted versus p and q parameters using Bracken's modd with the
tactical parameter for Ardennes Campaign data.

A closer look at Bracken’s model with d for Ardennes Campaign data

Figure 80. A closer look at the lowest SSR vaue for Bracken's modd with the tectical
parameter, for Ardennes Campaign datawhen p=1 and g=1.
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Figure 81. SSR vaues plotted versus p and q parameters using Bracken's modd with the
tactical parameter for Battle of Kursk data. This pattern holds true for other casestoo.

A closer ook at Bracken’s model with d for Battle of Kursk data
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Figure 82. A closer look at the lowest SSR value for Bracken's modd with the tactical

parameter, for the Battle of Kursk data when p=0.1 and gq=2.0. The observed pattern is
amilar to what is observed for Ardennes.
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for regresson through the origin given p and g. The best fitting a and b parameters are

given asfollows

n

a B()[R()"B(i)]

a=_1L (108)
a [RO)*B()'T’
& ROIBG)R()
b =1L (109)
a [B()*Ri)'T’

where i is the index of the days in a given battle, and n is the number of days in a given
battle.

Figure 83 shows the 3-D plot of SSR vaues found for the Battle of Kursk data,
where p vaues are varied between -0.5 and 10.0 with increments of 0.1, q vaues are
varied between —1.0 and 3.0 with increments of 0.1, d=1.0, a and b vaues depend on p
and g, and are determined by equations V.A.(108) and V.A.(109). Figure 85 shows the
same aea usng a contour filled plot. A contour plot displays the contours of equaly
fiting p and q vaues in terms of SSR.  This surface was generated with d fixed a 1.0.
The models found in Fricker, Bracken and Clemens used a d parameter; hence their place
on the surface does not necessxrily measure the goodness of ther fit.  Furthermore,
Fricker and Clemens used differently formatted data.

Figures 85 and 86 represent a detailed description of the region with the best fit.
Figure 85 shows the 3D plot of the SSR vaues found for the Battle of Kursk data, where
p vaues are varied between 3.0 and 9.0 with increments of 0.1, q vaues are varied

between 0.0 and 2.5 with increments of 0.1, d=1.0, a and b vaues depend on p and g, and
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3D plot for Battle of Kursk data where a and b depend on p and g

Figure 83. 3D plot of SSR vaues for Battle of Kursk data, p vaues are varied between —
0.5 and 10.0 with increments of 0.1, q vaues are varied between —1.0 and 3.0 with
increments of 0.1, d=1.0, a and b values depend on p and g.
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575400000.0
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Figure 84. Contour filled plot of SSR vaues for Battle of Kursk data, p values are varied
between —0.5 and 10.0 with increments of 0.1, q vaues are varied between —1.0 and 4.0
with increments of 0.1, d=1.0, a and b values depend on p and g. Also shown are each of
the amilar findings around the same area.
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3D plot for Battle of Kursk data where a and b depend on p and g
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Figure 85. 3D plot of SSR vaues for Battle of Kursk data. p values are varied between
30 and 9.0 with increments of 0.1, g vaues are varied between 0.0 and 2.5 with
increments of 0.1, d=1.0, a and b values depend on p and g.

Contour filled plot for Battle of Kursk datawhereaand b dependon p and g
r‘
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Figure 86. Contour filled plot of SSR vaues for Battle of Kursk data. p vaues are varied
between 3.0 and 9.0 with increments of 0.1, g vaues are varied between 0.0 and 2.5 with
increments of 0.1, d=1.0, a and b values depend on p and g.
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are given as in equations V.A.(108) and V.A.(109). Figure 86 shows the same area using
acontour filled plot.

The above results imply that there is no absolute best fit, as long as one days in
the broad vicinity of the identified best fit, it is likdy to have smilar fits, and there is not
just one st of parameters that clearly gives a best fit. One can 4ill find a gmilar fit as
long as the edimated parameters are in the vicinity of the best fit. However, the area of
the surface bounded by the lowest contour in Figure 86 says, roughly, the best fitting
models have a q parameter between 0.5 and 2, while the p parameter is between 4 and 8.
This obsarvation is dgnificant in that the Lanchester linear and square laws have a p
value of 1 and the logarithmic law has a p value of 0. When p=1, the best fitting mode
has a 9% higher SSR vaue than the lowest found vaue of 5.54 10°; which was found
by usng LTS regression.

A wide range of parameters fit equaly wel, but the quedion is is this true for
Ardennes campaign data too? Fgure 87 shows the contour filled plot for the Ardennes
data together with the best fits determined by Bracken and Fricker. Agan, a and b
dependon p and g, and d=1. The a and b parameters are chosen to minimize SSR for
regresson the through origin, and are given in equations V.A.(108) and V.A.(109).
When Figure 87 is examined, one can see that the genera pattern observed for the Kursk
datais adso observed for the Ardennes campaign data.

The bottom line concluson is that different researchers using different methods
al came up with very different answers because the surface around the modds fits is

veay fla.
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Figure 87. Contour filled plot of SSR values for Ardennes Campaign data p vaues are
varied between —6.0 and 6.0 with increments of 0.1, q values are varied between —6.0 and
6.0 with increments of 0.1, d=1.0, a and b vaues depend on p and . Note: Fricker's
method has a better R?, this is not goparent from this figure which uses differently
formatted data and no tactica parameter d.

Fricker's methodology, when applied to Baitle of Kursk data gives a better fit
than Bracken's. This concluson implies that the dgorithm Fricker introduces in
his study is useful in fitting the data and can be used in further sudies.

Throughout the study, with the exception of the two models whose results are
given in equations 1V.A.2.(14), IV.A.2.(15), IV.A.2(18), IV.A.2.(19), and the
modds with the negative exponentid parameters, the a paameter is dways
gregter than the b paameter. This condgtency implies that individudly, German
soldiers are more lethad than Soviet soldiers, and they aso fought better than the
Soviets.  Also, according to this difference in parameters, German military

expertise was much better than the Soviets in the Battle of Kursk. This finding
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was condgtent throughout the battle.  Despite their lack of military expertise, the
Soviets won the battle due to their massive amount of supplies and manpower.

Ancther ggnificant result for the a and b parameters is that both are very smadl,
and this result is conggtent with Fricker’ s findings.

The begt fit to the data is observed when robust LTS regresson mode is applied.

Robust LTS regresson gives the smales SSR vaue, which is 5.54” 10° when
d=10. This finding was dgnificant because it indicates no attacker/defender
advantage.

The d parameter, which gives the best fit usng the lineer regesson modd, is
found to be 117. Usng the a, b, p and g parameters found in equations
IV.B.3.b.(40) and IV.B.3.b.(41), the data is analyzed in four digtinct periods. The
andysis reveded tha it was usudly advantageous to be the attacker in Béttle of
Kursk campaign. The only two days when the defender had the advantage was
the fird day when Germans attacked and the eghth day when the Soviets
atacked. The Battle of Kursk was a mgor tank battle. Since a tank is an assault
weapon, and is not optimaly used as a defense weapon, the rationdization that
the attacker will aways have the advantage is consdered a naturd outcome of
this battle.

Finding only one tecticd parameter d, and refusng to vary from that parameter
through the battle is gpparently a mistaken approach. The tactica parameter for a
battle in which one dde attacks a defender behind heavily fortified postions must
not be the same with the tacticad parameter for a batle in which one sde is

counterattacking and the other is making a hasty defense.
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The tacticd parameter in the firgt haf of the battle, being greater than the tacticd
parameter in the second half, indicates that the Germans were better than Soviets
both in attack and defense.  This finding is especidly consstent with the tacticd
parameter vaue of 0.32 found on the eghth day, during which the Soviets
counterattacked.

The plots invedigated in Section 1V.B.7 show that if the force ratio is higher, then
loss will be reduced because, as force retio increases, loss decreases. This result
is conggent with the force ratio approach, which is widdy used in military
amulation mode s today, showing the effectiveness and vaidity of the approach.

The R?vaues given in Table 32 indicate that the modd with the change point 7/7
represents the data with the best fit, with an R? vaue of 0.7748. The second best
fit is observed with the mode that divides the campaign in four different parts,
with an R* vaue of 05689. This suggedts that even an individua battle cannot
be viewed as homogenous.

Some modds have negaive R® vaues, mesning that one can have a better
edimate of the attrition just by using the mean vaue, as opposed to usng the
modd itsdf, and going into the modding busness. In other words, it is better to
use the mean vaue for esimaing the dtrition indead of usng the edimate given
by the modds, which have negative R* vaues. The negative R vaues found in
section IV.A.2 for Fricker's modes occurred because the parameters were

rounded off in Fricker [Ref.6]. Had more precise vaues been available the R?

vaues would have been positive.
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Throughout the thess, the robust LTS regresson technique gives better fits to the
data than the linear regresson technique. This is because the robust regression
models are usgful for fitting linear relationships by discounting outlying data
when the given datain hand contains significant outliers, asin our case.

Combat models cannot provide clear-cut results to a military andyst. One cannot

determine the outcome of a battle precisdy by usng combat models. Together

with thelr use to gain indght about te battles and campaigns that happened in the
past, combat models help to make better decisons by enabling the decison-maker
to compare different dternatives usng various combat modeling techniques.

B. RECOMMENDATIONS

The modds presented in this thess study do not include nor andyze totd
manpower data. Data for tota manpower is present in the KDB and can be examined in
the future studies.

The weights used for aggregating the forces are subject to research. A more
complex modd, one tha incudes the weghts of wegpons sysems as unknown
parameters to be estimated, can be set up and analyzed to find a better fit. And when the
complex and numerous different wegpon systems of today’s military are consdered, this
shows potentia to be a very interesting research topic.

Wegpon systems other than the featured tanks in this sudy can be used to find a
mode with a better fit using a homogenous wegpons scenario.

In this thes's, the change points for each sde is on the same day. Another way to
find a better fit would be to use different change points for each sde, rather than using

the same change point.
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A fina recommendation for the continued andyss of the Kursk database is to try

to fit additionad modd s other than the Lanchester modds.
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