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WEB-BASED SYSTEM of DECISION SUPPORT FOR CALCULATING COMBAT AND
NON-COMBAT LOSSES DURING MILITARY CAMPAIGNS IN THE MIDDLE AGES

The project is devoted to calculating the number of losses of medieval armies using artificial intelligence methods. Several
possible calculation methods have been considered, and historical sources have been analyzed. The analysis of factors that affected
combat and non-combat losses and the analysis of scientific and popular science literature have been carried out, and the methods
proposed by specialists have been translated into the language of formulas. The process of building neural networks, selecting their
architecture, searching and synthesizing data for training samples have been considered, and the process of training and verifying
the obtained data have been considered. Two models of neural networks and an information model in the form of UML diagrams of
the future web application have been developed. Diagrams of use cases, classes, and components for each element of the web system
have been described. The models have been implemented using the modern Django framework. A full-fledged web application with
microblogging has been developed and tested. The conclusions have been drawn about the efficiency and scalability of the developed
system, and the functionality of the system has been demonstrated using a real historical example.

The project has developed the models of an information system for analyzing the number of troops and calculating military
losses of the remote past. Mathematical models have been described, historical sources have been analyzed, and detailed models of
the application have been created using the UML modeling language, which allows you to understand its interface in detail at the
modeling stage.

Based on the data obtained in the analysis of historical literature, the neural network architectures have been developed to
determine non-combat losses in the medieval army and determine combat losses based on the data on the number of each branch’s
soldiers of the armed forces who were involved during the battle.

Web applications for calculating combat and non-combat losses have been developed, interface design and mini-block for
publishing system News have been developed either. The non-combat losses suffered by the Mongol army in the first month of the
Western campaign (1236) have been calculated as the example.

Keywords: medieval military history, calculating the number of troops, Perceptron, modeling, Python, Django.

OJIEKCAH/IP MEJIbHUKOB, AH/IPII KATIEJIELLIYK

JlonOacbka epkaBHa MAIIMHOOY IiBHA aKageMist

WEB-CUCTEMA NIATPUMKH NPUHMHATTA PIIIEHD IS IIIPAXYHKY
BOUOBUX TA HE BOMOBHUX BTPAT III/{l YAC BOEHHUX ITIOXOIIB Y
CEPEJIHbOBIYYS

Pob60Ta NpHCBAYEHE PO3PAXYHKY YHUCEbHOCTI BTPAT CEPEAHBOBIYHMX aPMIVI 3@ AOMOMOror METOLIB LUTYYHOIO [HTE/IEKTY.
PO3I7ISIHYTO AEKINIbKa MOX/MBUX METOLIB MIAPAaXYyHKY, POaHa/li30BaHO ICTOpuYHI mxepena. [lpoBeseHo aHasnia @paktopis, Lo
Br/mBam Ha 60MoBI Ta He 6OHMOBI BTpaTH, aHasli3 HayKoBOI' Ta HayKOBO-IIOMy/ISPHOI JIITEPATYPU Ta NEPEKIAAEHO 3aITPOITOHOBAaHI
crneyianicrammn MeTogn Ha MoBy opMysl. PO3r/ISHYTO MPOLIEC MOBYAO0BU HEVIDOHHUX MEDEX, MMA6OPY iX apXITEKTYpH, MOLYKY Ta
CUHTE3Y AAHNX [/19 HaBYa/IbHNX BUOIPOK, PO3ITISIHYTO MPOUEC HABYaHHS Ta MEPEBIDKU OTPUMAHNUX AaHUX. Po3pobreHo ABi Moaesi
HEVIPOHHUX MEDEX Ta iH@OpMaLiviHa mogens y surnisal UML-giarpam MavibyTHbOro Be6-404aTKy. OnMMcaHo Aiarpamu BapiaHTis
BUKOPUCTAHHS], K/IACiB Ta KOMIIOHEHTIB [U151 KOXKHOIMO €/1EMEHTY Web-cuctemn. BUKOHaHO peasizauito Mogesesi 3a [OMoMOrown
cy4acHoro @pevimsopky Django. Po3pob/ieHo Ta OfpoTecToBaHoO MOBHOLIHHM web-404aTok 3 Mikpob/ioroM. 3p06/IEHO BUCHOBKM
LYOAO EPEKTUBHOCTI Ta MOXK/IMBOCTI MACLITa6yBaHHS PO3POBIIEHOI CUCTEMM, MPOAEMOHCTPOBAHO QYHKLIOHAT CUCTEMU HA PEATTbHOMY
[CTOPUYHOMY NPUKIIEAI.

Y pamkax rpoexTy po3pobreHo MOAE/ IHPOPMALIIVIHOI cUCTEMU 471 aHATZY YUCE/IbHOCTI Ta MiGPaxyHKY BIICbKOBMX BTPaT
A8/1eK0ro MuHys1oro. OrnMcaHo MateMaTtuyHi MOAE, MPOaHa/Ii30BaHo ICTOPUYHI [DKEPEIa Ta CTBOPEHO AETa/lbHI MOAE/ AOAATKY 38
JOroOMOror MoBy MoAEMoBaHHs UML, 1o JO3BONISE AETA/IbHO 3PO3YMITH HOro IHTEDQPENIC Ha eTari MOAEIOBAHHS.

Ha OCHOBI flaHux, OTPUMAaHNX I Yac aHasizy ICTOPUYHOI JIITEPATYDH, PO3POBIIEHO apXITEKTYDH HEHPOHHOI MEPEXI A/
BUIHAYEHHS HEOOVIOBUX BTPAT CEPEAHBOBIYHOI apMii Ta BUIHAYEHHS BOVIOBUX BTPAT Ha OCHOBI AGHUX PO Ki/IbKICTb COMAATIB KOXHOMO
3 BUAIB 36pOKHNX Cn1, SKT Bysin 3arvbJii. 6pas y4acTs g Yyac 60r.

P03po6/ieHo BE6-A0A3TKM 4715 PO3PaxXyHKY 60H0BUX | HEGOHOBUX BTPAT, PO3POBSIEHO AN3aViH IHTEPQEVICY Ta MiHI-6/10K 471
ny6sikauii cucremu HoBurm. 1 npuknagy nigpaxoBaHo HEGOUOBI BTDaTU MOHIO/IbCLKOI apMii B NEPLUMI MICSLb 3aXiQHOro nNoxXo4y
(1236 p.).

Kimto40Bi c/10Ba. ceEpesHbOBIYHa BIYICbKOBA ICTOPIS, PO3PaxyHOK YNCE/IbHOCTI BIVICbK, MEPCENTPOH, MOAEMOBaHHS, Python,
Dgango.

Introduction
War is a phenomenon that accompanies humanity in all historical time, so the question of the number of
troops and military losses was also raised by Herodotus. Unfortunately, there is currently no single system for
calculating combat losses, and even losses in fairly modern conflicts are mostly estimated approximately, and during
the constant wars of the Middle Ages, there was simply no one to calculate the military losses. It should be noted that
by the end of the XIX century, up to 70% of losses fell on the so-called non-combat losses (death from diseases,
injuries, cold, etc.).
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When it comes to estimating losses, first you need to estimate the size of armies, because the number of
troops directly affects losses, but the number of armies directly depends on losses. During the three centuries of the
development of modern historical science, historians have developed several approaches to estimating the size of the
medieval army:

The first and oldest approach was to directly reading historical sources and trusting them. But in the
chronicles, either there is no information about the number of troops at all, or their number was determined in an
unknown way (it is not clear who counted the soldiers, considering that the chronicles, as a rule, were created several
decades after the events described in them). The Chronicles rather show the chronicler's attitude to certain events: for
example, in the European medieval chronicles, there were always thousands of times more dead pagans than
Christians, and it may seem that the Invincible Knight's army came out of the battle without any losses, but this is not
like that.

The second approach is based on calculating the number of troops by determining the number of soldiers in
one combat unit, and then determining the number of these combat units. Many historians use this method, but it does
not take into account the division into combat and non-combat losses and assumes that each "thousand" has a thousand
soldiers, and not less or more soldiers. But even in any modern army, there is no fully equipped military unit (even in
those that do not fight), not to mention the colossal non-combat losses during the marches.

Another approach involves calculating the number of troops, which is based on the total number of
inhabitants of the country and on the size of the enemy army (of course, no one takes more troops than it is necessary).
Based on the archaeological data (the area of cities, the number of towns, etc.), knowing the amount of financial
resources needed for the birth of one warrior (especially it is typical for the Knight armies), you can calculate the
mobilization reserve of the country, and relying on it you can calculate the number of troops that a particular country
could send for perform combat tasks. An important role in assessing the mobilization reserve is played by the type of
army that the country used. Nowadays, the mobilization reserve is almost all males of military age, and some military
affairs can be taught for a few months. The model of the knight's army assumes the presence of a professional army
only (chivalrous military affairs were studied for years), and the Knight's equipment required very large financial
costs.

The calculated number of troops can be checked by using additional calculations of the amount of food for
feeding the army, the length of the wagon train, and other factors, checking the calculated values for adequacy. For
example, for each mounted warrior at different times there were two or three horses, and horses or oxen were also
needed to transport wagons. According to the standards, with an average load, a medium-sized horse needs 13 feed
units, that is 8 kg of high-quality hay. To maintain the mobility of the army, it is necessary to keep a reserve for several
days with you, especially during winter hikes, when it is not possible to graze animals. It should be noted that during
the summer period, there was also no great opportunity for grazing animals during crossings, because the grazing
process takes a long time, but during military campaigns, the main task was to walk as much distance as possible in a
day [1]. No more than 70 kg of hay can be loaded on one cart, wood can no longer withstand, and one cart with a
horse occupies at least 10 meters on the march, a horse-drawn guesser occupies at least 6 meters. Knowing this, it is
not difficult to calculate the lengths of columns, the movement of which had to be controlled without any means of
communication.

The main reasons for the extremely large non-combat losses in the XIX century were: epidemics, lack of
medicine, lack of field medicine, lack of a centralized food supply system (each unit supplied its own food, feeding
on the site), lack of any living conditions (soldiers slept on the ground, tents were not existed). On the other side,
people in the XIII century could be physically stronger and more adapted to severe weather conditions (which is
confirmed by some sources) than people of the XIX century, but somehow it is impossible to measure the average
strength and compare it with previous measurements, this is a rather subjective parameter. To predict non-combat
losses, you can trace the main parameters that determine human health: air temperature, precipitation, and so on. Also,
some data on the diseases or nutrition of people of that time can be given to us by the archaeological sources or
miniatures of that time.

Air temperature is one of the most important factors, knowing which, you can calculate the number of deaths
from seasonal infections, pneumonia, dehydration or frostbite. To calculate this parameter, you need to know in which
climatic zone events occurred, at what time of the year and approximate years (it is known that in 1200-1300 in Europe
it was much warmer than in the XX century [2]). Another equally important parameter is the terrain through which
the army passes, the probability of being injured on the march or becoming a victim of poisonous or predatory animals
depends on the terrain.

In the complex "time of the year-terrain-climate zone" you can describe most of the phenomena that lead to
non-combat losses, but for a more accurate calculation, you also need to take into account the number of days in the
campaign, since most viruses have an incubation period, which means that in the first weeks of the campaign, the
intensity of this type of disease is lower.

On fig. 1 it is possible to notice the existence of some dependence of non-combat losses on the year, so we
can assume the existence of a dependence on the weather conditions. (Jumps in the yellow and blue lines are caused
by the plague epidemic in 1710-1711 [3, p. 58-59] — this suggests that large epidemics should be considered
separately).
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Fig. 1. Indicators of non-combat losses in various units of the Russian Empire from 1705 to 1711 [3]

Analysis of existing solutions
In 1916, the mathematician F. W. Lanchester developed a system consisted of two differential equations (1) and
served to count the victims of wars:

dx
—=axtbxytcytd
dr y Ty (1)

%:ey+‘ﬁ/x+gx+h

where:

a and e — speed of non-combat losses;

b and f— rate of losses due to impact on area targets;

c and g — losses from enemy actions on the front line;

d and h — incoming or outgoing reserves [6].

But this model is more adapted to the war of the late XIX - early XX century than for the wars of the Middle
Ages, because such parameters as b and f are absent during medieval clashes, and primitive non-firearm artillery was
used mainly for storming and breaking through the defenses of fortresses, rather than for destroying enemy manpower
in an open field, for medieval battles the linear model of Osipov-Lanchester is more suitable.

Another approach to modeling considers combat in the form of a computer game with different levels of
detailing, depending on the power of the computer (both an entire regiment and one warrior can be taken per unit,
depending on the available computing resources). Most variants of such generalized models do not take into account
the peculiarities of climate and terrain [7]. Some of the game projects of the Wargaming studio can be used to simulate
the fighting of the XX century, due to the fact that they take into account many real physical indicators, modeling
medieval battles with the help of games can provide some new information about the events. However, such modeling
is very time-consuming, and most of the provided information will be superfluous in the task of simply counting
warriors and losses.

Modeling
Let's create a mathematical model for calculating of non-combat losses. We have the following initial data:
tave — average monthly temperature;
T — deviation from the climatic optimum;
d — number of days on the hike;
k¢ — terrain difficulty factor;
kol — number of warriors participating in the campaign;
os — average monthly precipitation.
a — non-combat losses per day.
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The number of deaths from diseases can be calculated using formulas 3 and 4.

t=t, +T @)
constl,att <5
c; =1jconstZ, at5<t< 15 3)
const3, att > 15
d = consv +c, 4)

Constants are the number of deaths as a percentage, determined by selection, based on the data from the wars
of the XIX century. Constants 1-3 correspond to various climatic diseases (seasonal flu, hypothermia, cold,
pneumonia, etc.), but constant v is responsible for diseases that do not depend on the season of the year.

Due to the fact that in most regions of Europe the amount of precipitation is quite small in summer, the
coefficient is the lowest in summer, and in the winter months a good layer of snow, on the one hand, makes it difficult
to move, on the other hand — places like swamps become less dangerous. The most dangerous months are March,
April, October and November, when there is quite a lot of cold precipitation and the air temperature decreases. You
can see that the "danger" increases in proportion to how much the air temperature decreases, and the amount of
precipitation increases. For the winter months, the" danger " should be reduced. Let's write all mentioned above as
Formula (5):

1 .
p=;*os—zzle %)

where zile — the coefficient of cold winters and hot climate — it takes the value 0 at a comfortable plus
temperature; at subzero or extremely plus temperatures — the value greater than 0.
Total non-combat losses per day:

kol
hhadd 6
(era’)100 (6)

a

Formula (6) does not take into account large epidemics, but it takes into account the usual set of viral and
bacterial diseases. To calculate epidemics, we should add the percentage of deaths during the epidemic to the numbers
pandd.

There is only the one uncertainty left in our model, namely the value of all our constants. They must be
determined separately, calculating the result each time. Therefore, it is appropriate to use a direct propagation neural
network — a perceptron.

At the perceptron inputs, we provide the following parameters: average temperature per month, average
precipitation per month, terrain number, and the number of days on a hike. So on the first layer, we have got 4 neurons.
We have 6 constants, the values of which need to be selected, so on the second layer we place 6 neurons, on the third
layer — one output neuron, which gives out the percentage of non-combat losses per day. The neural network model
is shown in fig. 2. Perceptron gives out the percentage of deaths per day.
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Fig. 2. Neural network model in the NeuroNet environment
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But we take the average daily temperature and precipitation from fairly unverified sources (it is impossible
to find out the amount of precipitation in the Middle Ages), so we propose a different neural network model that takes
into account only the type of terrain, the time of the year, and the number of days in the hike (Fig. 3). Instead of
temperature and precipitation data, we add two inner layers (which emulate temperature and precipitation) with 12
neurons, according to the number of months in the year.
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Fig. 3. Neural network model in the NeuroNet environment

To create test models, the training data was created in such a way that it was very similar to real ones (the
real temperature and precipitation indicators were used). The goal of this stage is to determine the very possibility of
such calculations and choose the architecture of the neural network. To submit the data to the network, they are
normalized in the range from O to 10.

At the stage of final training, the static data on non-combat losses of the XVIII-XIX centuries is used to
clarify the weighting coefficients.

Next, we calculate the number of losses during combat operations. In the Middle Ages, there were two types
of such actions: military clashes and siege fortresses. To calculate the former, it is possible to apply the linear Osipov —
Lanchester’s law [6]:

A()_Az:E(BU_Bl) (7)

where:

Ay primary number of units of side 4;

A;— the number of troops remaining in army A4 at the time of T}

By— primary number of units of Side B;

B,— number of troops remaining in army B at the time of 7;

E — weapon quality ('E'xchange Rate) = (striking ability of side B's weapon) + (striking ability of side A's
weapon), (striking strength) = (weapon Quality Factor) * (number of units) [4].

However, such a model cannot work in the case of sedimentary military operations or when different branches
of the armed forces collide, since it provides for the principle "one soldier kills one other soldier". To calculate the
losses in the "heavy horse cavalry — light infantry” collision, the losses among the infantry are significantly higher
than among the cavalry, and it is almost impossible to calculate the losses during the storming of fortresses, since
there are several options for storming the fortress to die. Namely, the death of soldiers in clashes at the walls of the
fortress, the death from starvation in a fortress that is under siege, the death during the storming of the fortress, and so
on.
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Fig. 4. Neural network model, in the NeuroNet environment

Because of this, it is proposed a less accurate, but a more flexible model for approximate counting of victims
of those collisions, the number of victims of which, even approximately, was impossible to estimate using classical
methods. Knowing which forces participated in a combat collision, you can calculate approximate combat losses based
on the data on losses in similar collisions. Thus, after analyzing a large number of battles, you can deduce some
patterns. For such purposes, a direct distribution neural network can be better suited. To clarify the number of inputs,
we list all branches of the armed forces: heavy cavalry, light cavalry, infantry, archers, non-professional soldiers
(people's rebels, militias, etc.). The result of the battle will be submitted for one more input (1 — the first army won, -
1 — the second army won, 0 — the battle ended without any significant results on both sides). Thus, the network has 11
inputs and 2 outputs, and another hidden layer of 11 neurons is also needed (Fig. 4). To train the network, a small
training sample was created from the real data taken from open sources. At the outputs, we get the number of losses
for each of the conflict sides.

Let's estimate the size of the medieval army. The main criteria by which you can assess the correctness of the
assumption for the probable number of troops are:

- column length on the march (S);

- length of the wagon train (Swagon);

- main column length (Scotymn).

S = Swagon + Scolumn (8)
As noted earlier, for normal movement on the march, a horse and a rider needed 6 meters, then (as a rule, the
number of rows is taken no more than 2, because the roads in the Middle Ages were quite narrow):

kol-6

)

Scolumn =

where:
r — number of rows during the transition.
To feed the army per day, you will need m; ton of food (based on the calculation that one adult man needs 1
kg of food per day):
kol +Y kol i, v, p,

1 (10)
1000

m
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where:

i — the number of horses of breed j;

v — the weight of hay that one horse of breed j needs;

p — the percentage of breed j horses in the army.

Thus, knowing the required mass of forage, you can calculate the length of the train using the following
formula:

__ mq—a -kol+m,
SSwagon = 007 -8 (11)

where:

m; — other non-food cargo: siege vehicles, trebuchets, wounded, prisoners, engineering troops.

a — the average weight of the load that is on the horse with the rider.

In this way, you can calculate the length of the column on the march, as well as the time it takes for the
rider to travel from the head of the column to the end or vice versa. If the rider cannot cover this distance in a day,
the column can be considered unmanageable, that is, it could not exist in reality.

Creating a Web-system

Based on the proposed mathematical models, a WEB system was developed with applications for calculating
combat and non-combat losses. The system provides several use cases, namely (Fig. 5):

— calculation of non-combat losses;

— calculation of combat losses;

— total loss calculation;

— checking the number of troops.

Calculating non-combat losses and checking the number involves launching the first browser application,
while the task of calculating combat losses is to launch the second browser application. The task of calculating total
military losses involves running both applications.

Calculation of
non-combat
losses

Information
output

h 4

Actor

Calculation
of combat
losses

Y

Checking the
number of
troops

Information
output

Total loss

calculation

Fig. 5. Diagram of Information System use cases
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Fig. 6. Component diagram — Django file and folder structure

The Django framework was chosen as the basis for developing the application, Python was chosen for writing
browser logic, and the Brython library was chosen as the translator. In the file urls.py the binding URL is located, i.e.
they connect the link URL and the function that is called out when requesting this link. The functions themselves are
located in the file views.py, they already access HTML templates which are stored in the folder settings.py (Fig. 6).

A

]
Actor

schot/scot2.himl

[

script/python

Y

brython js

def.py

browser py

numpy.py nero.py

Fig. 7. Component diagram — structure of a browser application for calculating non-combat losses
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The code embedded in the HTML file accesses the browser library and also calls out functions from files
def.py, where the basic logic of the application is stored, and file nero.py, where the neural network will be located.
The Brython file.js is a translator of Python code to JS, browser.py files and numpy.py are Python libraries for
managing page elements and for mathematical calculations that will be needed when creating a neural network (Fig.

8, Fig. 9).
i urls, py vies.py hinl def py nero.py
i | | | | |
.' dispatch . H i i i i
i H dispatch 5 i i i i
| | g | | |
! i i i i
| | | | |
E i dispatch __i i i
i i i g dispatch i dispatch __i
| | | i H
E E E retum {———--Eﬁt-l'l-"l ------
e mmmmmmemmmmmmennnas - e SN A T
i i

Fig. 8. Sequence diagram, non-combat loss counting process

A special feature of the Brython translator is that all files with code are connected not to each other, but to
the main HTML file. Libraries that are embedded in the translator are connected in the usual way, but the modules

work as shown in the class diagram (Fig. 9).

script/python

+the size of the army

A

def

+ receive data
*data is coming out

nero

+ the size of the army

+calculation of the
percentage of lose

+the size of the army

+ transfer data
+ performs auxiliary
calculations

/A

1
1
Use

__imit__

+ the size of the army

+ the size of the army

+ performs auxiliary
calculations

Fig. 9. Class diagram — structure of a browser application for calculating non-combat losses

The second browser application must take data from the user's fields and pass it to calculate the neural
network, but in this case a static HTML page will be used (Fig. 10), the files have the same purpose, but this application
does not have a script embedded in the HTML file itself.
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O schot2 himil brython js
/ L y Y
Actor
| |
i browser.py
def 2.py S nero 2.py
numpy.py

Fig. 10. Component diagram — structure of a browser application for calculating combat losses

In the final version, the system looks like a site that has the following structure: home page (Fig. 11), a project
age, non-combat loss calculation tool, combat loss calculation tool, project news.

main - abunf fe project counfing - yroject news

Tomorrow zashchia Preparation for the defense is Project created
almost complete

Fig. 11. Middle part of the site's home page

Since during large military campaigns the armies were divided into several columns, it would be interesting
to observe the changes of all the columns at once. Before loading the home page, the user is asked to select the number
of columns and the type of Army (Fig. 12).

Main About the project Counting Project News

The army on the march was divided into 1 ~ stream size

Army Type

European Knight's Army ~
Fig. 12. Pre-Launch page of the first browser app
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Main  Aboul the project  Counfing  Project News

0 1 0
Current month 20 B

September v
Pay attention to vimaniye:
Climate zone v v
« the length of the column should not exceed 20-30 km, as otherwise it
Gt will not be controlled

+ the supply of forage should consist of at least 7-10 days of autonomy of
Number of lapdogs: the army, and if actions oceur in poorly populated areas, then much

more,
ol o A T e e e * G forget 15 change the chets zanes duingthe sknulation of the

Total forage weight per day

Map of Eurapean climate zones

Length of the wagon train (excluding equipment), with a supply of
forage for 10 days

0E_0  CEEm  @EED
0

Current month

September v
Climate zone

iv

Number of lapdogs

Length of columns on the march, vhen dividing 2+

Total forage weight per day

| St af tha wiaman train (EvAIAIRe SARmant) Wit 5 SRR Af

Fig. 13. Calculation of non-combat losses

To implement multiple applications simultaneously (Fig. 13) cycles are used: when rendering a page, the
framework copies some sections of code a given number of times and assigns each element in each of the copies its
own index, for example:

def func5 {{ forloop.counter }}(event):
after the rendering, it will look like this:
def func51(event):

This makes it very easy to manage and create executable code from the server already at the page rendering
stage. This made it possible to use each calculation block independently of the others, while leaving the possibility of
unified management of all blocks. To facilitate calculations during the operation of the neural network, all weighting
coefficients are already feeded in the code.

The user can add any number of campaign days, new forces, or combat losses. The current month switches
automatically. the user must monitor the climate zones himself. The neural network has been trained to work only
with the climatic zones in Europe.

To calculate combat losses, a neural network has also been developed that can calculate losses in a medieval
combat, but it should be noted that we do not have the objective information about medieval losses, so we used loss
data calculated by historians using various methods to train it. It should also be pointed out that the neural network
does not take into account indirect combat losses (capture, murder of prisoners, murder of civilians, etc.) (Fig. 14)

Main  About the project  Counting Project News

First Army Second Amy Standard designations:
?
HC Lc P L Pe P P2 Pe L P Le HC HC — heavy cavalry,
LC - Light cavalry;
—v
P - pihota;
L - archers, crossbowmen

Pe — people’s militia
? - battle result;
P1 —losses of the first party;

P2 —losses of the second party.

Fig. 14. Calculation of combat losses

Let's calculate the losses of the Mongol army during the eastern campaign: from historical sources, it is
known that the Mongols approached our lands in the autumn of 1237, dividing into three columns. Let’s find out what
the number of these columns was in a month of the campaign. The total number of troops was approximately 40,000,
the campaign was begun in October, the events happened near the cities of Ryazan, Suzdal and Vladimir, which
corresponds to the climatic zones 4 and 5 [9, 10]. For 30 days of the campaign, non-combat losses amount to just
under 3,000. The length of the largest column (15,000 soldiers from the beginning of the campaign) is 15 km, and 294
tons of food will be needed per day to feed the army. The user makes a decision about the adequacy of the column
characteristics independently. The application only performs calculations based on the data fed by the user. According
to the modern ideas of historians, the length of the columns could hardly exceed 20 — 30 km.
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Conclusions

The project has developed the models of an information system for analyzing the number of troops and
calculating military losses of the remote past. Mathematical models have been described, historical sources have been
analyzed, and detailed models of the application have been created using the UML modeling language, which allows
you to understand its interface in detail at the modeling stage.

Based on the data obtained in the analysis of historical literature, the neural network architectures have been
developed to determine non-combat losses in the medieval army and determine combat losses based on the data on
the number of each branch’s soldiers of the armed forces who were involved during the battle.

Web applications for calculating combat and non-combat losses have been developed, interface design and
mini-block for publishing system News have been developed either. The non-combat losses suffered by the Mongol
army in the first month of the Western campaign (1236) have been calculated as the example.
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