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This paper provides a series of examples illustrating how mathematics developed by Fibonacci and Tartaglia can suit to the defence world. At a first glance establishing  a semantic link between abstract mathematical constructs, such as the Fibonacci’s sequence or the Tartaglia’s triangle, and a warship may seem like a very daunting task. But it becomes more affordable, if we look at the physical laws mastering naval platforms equipped with their sensors and command & control systems.

Fibonacci, the nickname for Leonardo Pisano, was a mathematician who lived around 1200. He had Italian origins and was educated also in North Africa, where his father was a diplomat representing the merchants of the Republic of Pisa doing business in Algeria. This context heavily influenced the Fibonacci’s mathematics’ background. By the year 1200 he returned to Pisa, where he began drafting important textbooks that represented, and still represent, an excellent reference point. The best-known book is undoubtedly “Liber Abaci”: a book that collects the multifaceted North African experience on mathematics. It is, in fact, not only a compendium of “al jabr” (algebra), but also a collection of practical problems and their solutions, such as: the Mediterranean country currencies conversion; the way of defining the price of goods and how to calculate the profits associated with transactions. Finally, it contains the first formulation of what is nowadays known as the Fibonacci’s sequence that only after the early seventeenth century, thanks to the astronomer J. Kepler, will find its rightful place in the world of mathematics. 

Tartaglia was an Italian self taught mathematician. His original name was Niccolò Fontana, but he was known as Tartaglia due to his stammer, caused by a severe throat injury after he was struck by a soldier during the sacking of his hometown, Brescia. Among his best-known contributions we remind one the earliest theory on the use of artillery in “Nova Scientia” (1537). Within this collection we find the first theorem regarding the curvature of the ballistic trajectory. Tartaglia is also well known for the so-called “Tartaglia’s triangle” with so many properties and strong relations to Fibonacci’s sequence.

In this paper we are providing the Fibonacci and Tartaglia mathematical constructs and some unexpected connections to warship combat management system.

The combat system consists of: sensors, communication systems, weapon systems, navigation aid systems (i.e. gyros, GPS systems, compass, weather forecasting systems), etc.. Each of them is interconnected with a central processing unit, that collects and processes the gathered information allowing the naval unit to be able to:

- carry out the tasks assigned as part of a naval force;

- collect, process, integrate, display data and information from all subsystems, providing a complete three-dimensional tactical situation awareness picture - as it evolves in time - to the combat system operators;

- manage and coordinate the use of sensor and weapons;

- control and direct the activities of their own on board aircraft, other naval units and / or ground-based assets.

We may look at the aforementioned functions to an evolved form of the predator – prey game. The predator (naval unit) needs to locate the prey (hostile aircraft) and its kinematics parameters (by exploiting, for instance, radar sensors). It also needs to accurately estimate its own location and motion parameters (by means of navigation aids) and to implement a guidance strategy (by jointly exploiting weapon systems and combat management system). Here mathematics plays a key role. We will highlight some unexpected applications of Fibonacci and Tartaglia’s mathematical findings to this field. 

In particular, we will illustrate how the Fibonacci’s sequence appears in several applications, ranging from kinematic parameter estimation addressed by radars, to GPS satellite in the navigational aid subsystem. Similarly, we will show that the guidance laws leading the predator-prey game result in minimizing of a cost function bringing to the so-called “Linear Quadratic Gaussian” control, clearly connected to the Fibonacci’s sequence and the golden section. We will also provide the relationships between the capacity of a communication channel and the Fibonacci, Pell’s sequences and Pisot numbers. We will also focus on radar sensors, since they are one of the most challenging subsystems of a warship and the first subsystem, among modern devices, installed on board to assist operations. 

The purpose of a radar is to provide an accurate estimate of the position, speed and acceleration of targets: information, from a strict theoretical point of view. Now, as in every conflict (as defined by the game theory), information is the focus of each player, quoting for Sun Tzu’s masterpiece:  “if you know your enemies and know yourself, you will not be imperilled in a hundred battles; if you do not know your enemies but do know yourself, you will win one and lose one; if you do not know your enemies nor yourself, you will be imperilled in every single battle.” Therefore if a player has more information, the most accurate as possible, then it has a competitive advantage that allows it to effectively defeat his competitor. In practical terms, for a radar sensor that means:

1. long distance detecting targets (even dim ones, sea skimming, ballistic);

2. estimating the target position and its kinematic with great accuracy;

3. discriminating targets very close to each other;

4. identifying targets;

5. being robust against intentional (jammer) and unintentional (clutter and noise) interferences.

Each of the above mentioned aspects has an impact on real life operations and therefore has an impact on how the commander decides to make use of his own combat resources. 

The radar embraces a wide spectrum of disciplines and technologies: electromagnetic, information theory, signal processing, control theory, mechanics, thermodynamics, just to mention some of the main ones. 

Let us now focus on one of the above mentioned areas, i.e. the signal processing area, which today is one of the boundaries where a competitive advantage may be gained. In this arena, a radar engineer deals continuously with the following basic topics:

· matched filter theory and the associated concept of pulse compression;

· phased-array antenna processing;

· signal processing techniques;

· filtering systems (e.g.: Kalman filter) for the estimation and prediction of target kinematics.

In this work we propose a connection between the Fibonacci’s sequences and the Tartaglia’s triangle for each of the above mentioned topics. In particular, we will see how the Fibonacci Shift Register is used for the purpose of pulse compression. We show the benefits of Tartaglia’s coefficient when used as the taps of an MTI (Moving Target Indicator) filter, improving discrimination between moving targets against clutter. We will observe how we may lower the side lobe level of a phased array antenna still using the coefficients of the Tartaglia’s triangle, reducing the possible effects of intentional jamming and the dragging effect due to high side lobes.

In summary the presentation will treat the following topics: 

· Historical notes,

· The Fibonacci’s sequence, Tartaglia’s triangle and their relationship,

· Command, control and management system in a warship, 

· Phased array radar (matched filter, multichannel processing, ECCM) and relations to Fibonacci and Tartaglia’s mathematical constructs,

· Tracking and optimum intercept guidance: via Fibonacci sequence and golden ratio, 

· Communication theory: channel capacity and relation to Pisot’s numbers, 

· Multiple Input Multiple Output systems for communication and radar systems: the role of golden code,

· Removing bias of a compass via non-linear stochastic filter: relation to Fibonacci’s series,

· Heat dissipation problem and Tartaglia’s triangle relationship,

· Random Fibonacci series and its application to estimation of denial of service due to a potential cyber attack to a computer network,

· Concluding remarks and way ahead.

Sur les différentes manières de remplir un abaque
Jacques Guenot – Université de la Calabre

Le dernier changement de siècle a provoqué un débat sur les avantages et les inconvénients des divers systèmes de numération, le plus souvent orienté vers l’écriture des nombres et beaucoup moins vers les algorithmes qui permettent de regrouper une grande quantité de petits cailloux pour en faire des tas, premier exemple de compression des données dans l’histoire de l’humanité.  

Nous ne nous intéresserons pas ici des recherches et des essais qui ont précédé l’invention de l’abaque, l’appareil à faire des tas. Dans sa version la plus élémentaire, l’abaque se compose de casiers dont chacune des cases peut recevoir un petit objet. La structure et la forme des casiers n’ont aucune importance, mais il est essentiel de connaître leur hiérarchie.  Pour fixer les idées, nous utiliserons un abaque avec, dans l’ordre, un casier rouge, un casier vert et un casier bleu.

Le premier algorithme se propose de transformer une quantité de cailloux rouges en un assortiment de cailloux rouges, verts, bleus et tricolores. 

Nous plaçons un caillou dans chacune des cases du casier rouge ; quand celui-ci est plein, nous pouvons échanger son contenu contre un caillou vert que nous plaçons dans une case du casier vert et nous recommençons ; quand le casier vert est plein, nous pouvons échanger son contenu contre un caillou bleu que nous plaçons dans une case du casier bleu et nous recommençons ; quand le casier bleu est plein, nous pouvons échanger son contenu contre un caillou tricolore et nous recommençons, jusqu’à épuisement du tas initial. 

L’autre algorithme se propose de faire des tas avec une quantité de petits cailloux de toutes les couleurs. 

Nous plaçons un caillou dans chacune des case du casier rouge ; quand celui-ci est plein, nous pouvons échanger son contenu contre l’autorisation de placer un caillou dans le casier vert et nous recommençons ; quand le casier rouge et le casier vert sont pleins, nous pouvons échanger leur contenu contre l’autorisation de placer un caillou dans le casier bleu et nous recommençons ; quand le casier rouge, le casier vert et le casier bleu sont pleins,  il n’y a pas d’autre solution que d’ajouter un casier à l’abaque.

Le premier algorithme, utilisé par les romains, se distingue par ses qualités de transportabilité et de sureté. Le second, qui nous a été transmis par les arabes, est potentiellement illimité, ce qui fait rêver… 

Dans le débat infra millénaire, le premier a été jugé inadapté à la vie d’aujourd’hui, oubliant que c’est celui que nous utilisons tous plusieurs fois par jour, ouvrant notre portemonnaie ou notre portefeuille.
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                                                          ABSTRACT

 

      We trace medieval and early roots of the the method of successive approximations and other computational

    algorithms along the "Number Road" from India to the Islamic and Arab world, and their transmission to 

    Europe.  The talk will touch on some work of Habash al-Hasib al-Marwazi in the construction of astronomoical

    tables, Bhaskaraa's rule of simple false position, Ibn al-Banna's method of scales, the methods of Heron and 

    Theon of Alexandria for finding roots of simple polynomial equations, and the al-Tuesi's tables, to

    Fiboonacci's Elchatayan rule and his role in the transmission. One can detect an early understanding of an intuitive

    notion of convergence, decimal representation, round-off error, truncation, and various algorithms for arithmetic 

    operations. This has led centuries later to the foundations of the real number system, concepts of convergence

    and other topics developed by European mathematicians.

 Clara Silvia Roero, Dipartimento di Matematica G. Peano, Università di Torino 

Arithmetic and Algebra in Mediterranean Sea, from al-Khwarizmi to Italian Abacus Schools 
After an overview on the numbering systems in Mediterranean countries (Egypt, Babylon, Greece) I would like to focus attention on the indo-arabic arithmetic by al-Khwarizmi and on the later Arabic texts devoted to arithmetic, algebra and magic squares. My aim is to show the influences of the Arabic mathematics on Leonardo Fibonacci’s works and on the abacus Italian schools during 13th-15th centuries. 

Aritmetica e l’algebra nel mar Mediterraneo, da al-Khwarizmi alle scuole d’abaco italiane 
Dopo un breve excursus sui sistemi di numerazione nel Mediterraneo ci si soffermerà sulla diffusione del sistema di numerazione indiano da parte di al-Khwarizmi e sui testi arabi dedicati all’aritmetica, all’algebra, al calcolo combinatorio e ai quadrati magici. Si mostreranno infine le influenze della matematica araba sull’opera di Leonardo Fibonacci Pisano e sui maestri d’abaco italiani nel XIII-XV sec.
Numbers, numerals and influence of the accuracy of numeral systems

on computations
Yaroslav D. Sergeyev
University of Calabria, Via P. Bucci, Cubo 42-C, 87036 Rende (CS), Italy

email: yaro@si.deis.unical.it
In natural sciences, instruments used to observe the object of a study determine the accuracy of the observation and influence the results of the said observation. It is shown in this lecture that the triad - researcher, object of investigation, and tools used to observe the object - existing in natural sciences, exists in Mathematics, too. In particular, numeral systems used to express numbers are among the instruments used by mathematicians to study numbers and other mathematical objects. Several numeral systems are analyzed and it is shown that when a mathematician chooses a numeral system (an instrument), in this moment he/she chooses: (i) a set of numbers that can be observed through the numerals available in the chosen numeral system; (ii) the accuracy of results that can be obtained during computations. The usage of powerful numeral systems gives the possibility to obtain more precise results in Mathematics, in the same way as the usage of a better microscope gives the possibility to obtain more precise results in Physics.
Numeral systems traditionally used to express infinite quantities are studied from this standpoint and it is shown that situations of the kind ∞+1=∞ or א0+1= א0 are not related to the nature of infinity. They just show the weakness of the traditional numeral systems used to express infinite quantities. A new numeral system and the related computational methodology are introduced in order to allow one to execute numerical computations with finite, infinite, and infinitesimal numbers with a higher accuracy by applying the Aristotle principle ‘The part is less than the whole’ to all numbers (finite, infinite, and infinitesimal) and to all sets and processes (finite and infinite). This principle reflects well the world around us but is not captured by traditional numeral systems that provide results of the kind  ∞+1=∞ or א0+1= א0. It is shown that the new approach does not contradict traditional theories (e.g., Cantor and Robinson); it studies the same objects but changes the instrument of the observation, i.e., proposes a new numeral system.

A new type of a computational device called the Infinity Computer (EU, USA, and Russian patents have been granted) is introduced for working with new numerals. The accuracy of the new numeral system is studied and compared with respect to traditional numeral systems. It is shown that the new numeral system gives the possibility both to execute computations with a higher accuracy than the traditional numeral systems allow us to do and simplifies fields of Mathematics where the usage of infinity and/or infinitesimals is required. Numerous examples and applications are given: differential equations, divergent series, fractals, linear and non-linear optimization, numerical differentiation, percolation, probability theory, Turing machines, etc. 
Large Numbers In Asia And Their Decryption
Emilio Spedicato

In ancient Asian traditions we find very large numbers, as million of
years in chronologies or heights of mountain up to one thousand
kilometers. Such numbers have been usually considered as symbolic,
mythical, devoid of actual value.  We show that they appear to originate
from  real values multiplied by the common factor of 180. We discuss
several cases when this interpretation makes sense and we propose the
reason why number 180 was chosen
Stones, Bends, and Landslides.

(The Case of the Passage Between Indian and Arabic Culture)

Tito M. Tonietti1

The number road did not ow smoothly, as it was an almost straight

and asphalt highway ready for speedy cars. It ran into di_culties, and

wound itself across the mountains. What kind of cultural, and historical

context did inuence the crucial passage from Indian to Arabic people?

We will dwell ourselves upon this delicate questions. There was a long

way, before Leonardo da Pisa (Fibonacci) could write:

\Ubi ex mirabili magisterio in arte per novem _guras Indorum in-

troductus, scientia artis in tantum mihi pre ceteris placuit, et intellexi

ad illam, quod quicquid studebatur ex ea apud Egyptum, Syriam, Gre-

ciam, Siciliam et Provinciam cum suis variis modis, ad que loca nego-

tiationis postea peragravi per multum studium et disputationis didici

conictum."

[There, following my introduction, as a consequence of marvellous

instruction in the art, to the nine digits of the Indians, the knowledge

of the art very much appealed to me before all others, and for this,

I realized that all its aspects were studied in Egypt, Syria, Greece,

Sicily, and Provence, with their varying methods; and at these places

thereafter, while on business, I pursued my study in depth, and learned

the give-and-take of disputation.]
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