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Abstract—Different domains of mathematics and informatics
have a great impact on a wide range of army needs. Mathematical
models when formulated with appropriate parameters can
determine an approximate state of war progress. Fields of
operations research are of interest to military scientists primarily
to recreate war phenomena inventory maintained, using
simulations. This paper reviews basic war models such as
Lanchester and Guerrilla models and proposes an inventory
model with a practical simulation to demonstrate its applicability
in modelling food inventory.
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[. INTRODUCTION

Warfare encompasses three broad areas of knowledge. The
first being human behavior which goes into fields of
psychology to study how humans react in different situations.
Second, being physics which focusses on the mechanics of
performance of machines. The third field is the environment in
which men and machines often clash with each other [1]. As a
consequence, the warfare field lies in the intersection of
mathematical modelling and military science. It delves into
fields like war predictions through models which is the main
topic of discussion in this paper. Some fields of mathematics
that are of interest to military scientists are:

A. Applied Analysis

It deals with aspects such as mathematical modelling of
recurrence relations, differential equations (ordinary or partial),
and integral equations for advanced materials, fluid flow and
nonlinear dynamics.

B. Computational Mathematics

The evolution of the army into a modern, technology-based
force places has increasing demands on numerical methods and
optimization for faster, more stable, and accurate solutions to
problems in the physical sciences. Since it may not be always
possible to solve a differential equation analytically to find it’s
exact solution, this is where numerical methods come into the
picture.
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C. Probability and Statistics

This is one of the most important fields as a lot of the models
built revolve around data. With data comes distributions and
with distributions come techniques for estimating parameters
for them. Once the parameters are estimated, techniques that
help evaluate the goodness of fit help us evaluate several
reference models.

II. RELATED WORK

War models such as Lanchester and Guerrilla [8] have been
implemented in several combat models [9] and have shown
success in modelling historical battles [10, 11]. These models
are inspired by biological phenomena [12] (predator-prey) with
application extending to domains such as video gaming [13]
and advertising [14]. Variations of these models have attempted
to incorporate landscape effects using partial differential
equations [2] and irregular warfare [15]. In this study, we
highlight some properties that models should encapsulate based
on a case study.

Inventory management [16, 17] has been dominantly used
by manufacturing companies to model material flow and
purchased inventory items. Different variations of the vanilla
model: economic order quantity (EOQ) like ABC [18] and JIT
(Just in Time) [19] incorporate uncertainty at different stages of
the procurement pipeline differently. To the best of our
knowledge, inventory management in the context of modelling
food supplies for the military has not been explored much.

The main contributions of this paper can be summarized as
follows:

e In Section III, we mention some of the common war
models. The limitations of these models are highlighted
through a case study and towards the end, we highlight
the factors that must be taken into consideration.

e In Section IV, we demonstrate the applicability of the
vanilla inventory model in the military context for
modelling food supplies to minimize costs incurred.
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III. WAR MODELS

A. Lanchester Model

Lanchester (/916) modelled a war between two parties with
the help of a pair of linear ordinary differential equations.
According to this model, the rate of decrease in members of an
army is directly proportional to the number of people present in
the opposition army. Equation (1) and (2) describe the model.

dx (1)
2= by
dy _ (2)
i —a.x

Where x and y represent the number of soldiers in the first and
second army respectively. The soldiers in both the armies at the
start are given by xy and yy. Army efficiency is represented by
a and b respectively. Equation (3) describes the condition when
the first army wins and (4) describes the condition when the
second army wins.
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Fig. 1. Army population as a function of time

x2.b>y2.a (3)
x¢.b< y2.a 4)

Fig. 1. shows how the number of people on either side as a
function of time with parameters stated below. The initial
conditions are considered as below.

Army 1 efficiency - 2 kills/hour
Army 2 efficiency - 4 kills/hour
Army 1 initial soldiers - 1000
Army 2 initial soldiers — 1300

B. Guerrilla War Model

This kind of war model is used when either one army or both
the army parties are hiding [4]. In the case where both the
armies are hiding, the factors that contribute to the killing of
soldiers on either side are as follows:

e The number of soldiers on their side, as more the
number of soldiers greater is the probability of them
being found.

e  The number of soldiers on the opposite side, as when
they are more in number, they can find the opposite
party easily

In the case where a single army is hiding, the decay rate of the
army that is hiding would remain unchanged, while that of the
open one is proportional to the number of soldiers in the other
army. Assuming that there is a red army (R) and a blue army
(B), (5) and (6) effectively model the aforementioned situation.

dB
T (—B)BR (5)
dR

P (—v)BR (6)

R(t) and B(?) denote the number of soldiers in the red and blue
army respectively at time t. The efficiency of the red and blue
armies is given by 3 and y, respectively. R(0) and B(0) are the
initial populations of respective armies. Equation (7) and (8)
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Fig. 2. R/R(0) and B/B(0) as a function of time

describe the conditions when Red or Blue army will win
respectively.

B.R(0) > y.B(0) 7
B.R(0) < y.B(0) (8)

Fig. 2. illustrates the application of the above model in the case
where both armies are hiding with R(0) =200, B =0.2 andy =
0.1

C. Case Study

In this section, we demonstrate the limitations of the
Lanchester model by estimating model parameters (a, b) using
World War II (WWII) from [7]. The optimal army efficiencies
were found by carrying out a grid search in
[0.001,1] X [0.001,1] with a width of 0.01 along each
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direction. The sum of squares errors was minimized to arrive at
Soviet Army efficiency (a) of 0.01 and German Army
efficiency (b) of 0.102. Fig. 3. shows how the model solution
compares with the actual data. The reason for the gap between
the estimated actual solution is mainly due to the model
considering very limited factors (i.e., population of armies only)
and time-independent model parameters.
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Fig. 3. Soviet and German army population as a function of time

D. Desirable Properties of models

Here we highlight some of the properties that should be kept
in mind during the design of war models.

e Models must exhibit saturating behavior in the
absence of external factors as time progresses. As it
can be seen that it makes sense to consider Lanchester
model in a truncated domain where the population is
positive.

e They should encapsulate information related to the
current state of war, for example, both the
aforementioned models assume constant efficiency
rates, which would ideally not be the case as we would
expect efficiency to be impacted by time, army
population as well as external factors.

e Apart from temporal considerations, wars also
influenced by the terrain landscape (such as hill,
rivers) where the war happens. To consider such
effects into consideration, one can build models using
PDE:s as discussed in [2,3].

IV. INVENTORY MODELS

These are mathematical models [5,6] that help organizations
determine the optimum level of inventories to be maintained in
production processes. Here we focus on finding out the efficient
amount of inventory level that should be maintained by the
army to minimize their cost.

Such work has application in modelling food supplies that need
to be maintained by the army. If fewer supplies are maintained,
then it would be enough to meet requirements and if too much
is maintained, it would be difficult to move around in hostile
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conditions. Thus, it is very important to maintain the correct
amount of supplies.

A. Model Setting

e The study proposes a model for one person and then
accordingly finds the result for a group of people by
multiplying the appropriate factor.

e It assumes that the probability distribution of
consumption of food is Gaussian with a mean of 2.5
kilos and a standard deviation of 0.5 kilos.

e It assumes purchase costs (PC), ordering costs (OC)
and holding cost (HC) to be Rs. 200/kg, Rs 160/order,
Rs 30/kg, respectively.

e It assumes the reordering point (the point at which
order is placed) as 4 kg as the probability of a person
consuming more than 4kg is very low.

e Lead time is assumed to be 0 (i.e., if the army places
an order for food supplies, it will get the order the next
day morning).

w Week number

OR Units received in the beginning of the week
ol Opening Inventory for the week

Rnd Random number for demand variable

D Shows demand for the week

EI Ending inventory

Opening inventory (OI) is assumed to be 6. Simulation was
carried out for 50 weeks. Results of the simulation for first 6
weeks are shown in Table 1.

TABLEL INVENTORY MODEL SIMULATION FOR SIX WEEKS
w OR | OI Rnd D EI oP | OoC PC HC
1 |0 |6.0]033 [25(35 (0 |0 0 105
2 |0 |35]051 [|25]10 |4 | 160 | 800 |30
3 14 |50]061 [25(25 |4 |160 | 800 |75
4 |4 |65|051 2540 (0 |0 0 120
5 10 [40]0.12 [20|20 |4 | 160 | 800 | 60
6 |4 |60]092 30|30 |0 |0 0 90

B. Model observations

The total cost for 50 weeks is Rs. 32295
Cost per week is Rs. 649.5

e By performing iterations over different opening
inventory values between 1.0 and 6.0, the optimal
value for opening inventory was found at 3.27 kg with
the optimal cost of Rs. 566.07.

Fig. 4. shows how the cost per week varies as a function of
opening inventory.
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Fig. 4. Cost per week as a function of Opening Inventory

V. CONCLUSION

In the beginning, the study explores simple war models and lays
out the factors that must be taken into consideration. With the
advent of latest technologies, there are several factors apart
from those present on the battlefield which influence the course
of warfare, such as intercepting communication channels. The
work also proposes an inventory model which can be
effectively used to compute optimal stock values to be
maintained for a predefined set of parameters. The generalized
model can be used as a basis for the construction of more
complex models which take into case-specific features.
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