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Abstract 

Economic and financial mathematics uses elements of mathematical analysis (N-dimensional space, rows, series, 

derivation, integration), probability calculus and linear algebra (vector, linear system of equations, programming) in 

all areas of economics. In this paper we analyse the EUR / USD exchange rate between 01/13/2017 - 02/15/2018. The 

sample element number of the examined data set is 420,544 (four hundred and twenty thousand five hundred and forty-

four). Name of the data: standard critical points (O, H, L, C) of a one-minute time window. 

Especially what we want to know about EUR / USD exchange rate? We want to know when the trend ends. When 

we want to know the end of a trend, we look for the inflection point of the function. The condition for the existence of the 

inflection point is that there exists a third-order derivative of the function and the second-order derivative at this point 

must be equal to zero, and that the third-order derivative must not be equal to zero.  

In this research we use histogram, moving average, the 12-day and 26-day averages for the study period, 

polynomial trend determination, the linear trend definition, the polynomial average of the examined period, the 

logarithmic trend and special the sixth degree polynomial for analyse and for possibility of forecasting using an 

econometric model. 

With the help of the Excel spreadsheet, it was possible to project in a certain number of steps. We made the 

projection for five step lengths. Forecasting has proved to be a good approach to what has actually happened, which is 

a good reason for us to continue working and to keep the direction we have started, to do further research in the 

specific field. 
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1. Introduction and context of the study 

 

In the field of economic and financial analysis, as in all areas of life, there are often conflicting 

views on how the market works. These theories compete with each other, professional or personal 

opinions formulated on the basis of conclusions drawn from theoretical reasoning and practical 

experience. It is up to science to review and filter these views. The purpose of this scientific 

research is to interpret and quantify the substance of the claims or to verify them with a statistical or 

other scientific approach. 
The derivative of the mathematical analysis (calculus) basic concepts include. The derivation is 

named after Sir Isaac Newton (1642 - 1727) and Gottfried Wilhelm Leibniz (1646 - 1716). century 

were outstanding mathematicians and contributed significantly to the development of the science of 

mathematics. The derivative is a huge achievement in mathematics, as it is used by all sciences and 

has become indispensable in all areas of life. With the help of derivable functions we can model the 

phenomena occurring in the physical world, with the derivation we can perform a real function 

test. The derivative shows the extremes of the function, and the behaviour of the function can be 

defined at and around the point. We can find out that within a given interval the function is either 

ascending or descending and we can calculate the inflection points. This mathematical 

operation models the rate of change of a given function and the change in 

velocity (acceleration). The derivative provides an opportunity for local and global analysis of the 

function, but also serves as a basis for the mathematical formulation of many physical laws. In 
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general, whenever we want to study or determine the rate (first-order derivative) or acceleration 

(second-order derivative) of a change, we can do it with the help of the derivation. 
Derivation is a widely used method of analysis in economics and plays an extremely important 

role in economic analyses at both the microeconomic and macroeconomic levels. 
An important step in the development of functional concept analysis was the writing of a 

special power series named after Brook Taylor (1685-1731), an English professor of mathematics 

who introduced not only derivability and integrability, power series analysis and continuity analysis 

into calculus history. 
The topic of the present study is to investigate the applicability of the Taylor polynomial, 

which can also be used for market analysis in stock exchange trading. 
  
2. Literature review 

 

The literature on applied economic and financial mathematics can be considered relatively rich, 

given that the banking and financial sector is a leading industry today. One of the greatest strengths 

of the banking sector, the insurance industry, the public economy, and some other financial sectors 

is the complex application of mathematical calculations. Calculating interest rates on long-term 

lending, long-term risk estimation would be unsolvable without mathematical operations and 

formulas. The financial industry is constantly producing literature to meet the growing need, so new 

works on the subject are published daily. 
According to the literature used, the exponential and logarithmic functions are most commonly 

used in economic, financial, and stock market analysis. 
In options, the series of future payments on the securities is fixed and is based on capitalizing 

the interest at the end of the interest period, so that by the end of each period, the investment will 

increase “(1 + r)” times. Present Value, a mathematical formula for calculating the fair price, i.e. 

the numerical value of the fair rate as a function of interest rate (r) and duration (t) (maturity) 

(discounting): 𝑃𝑉 =  ∑
𝐶𝑡

(1+𝑟)𝑡
𝑛
𝑡=1  (1). 

The central topic of economic analysis is the tracking and forecasting of changes, which in this 

case means the mathematical modelling and functional analysis of exchange rate changes. The 

present value (PV) can be determined using two methods: 

a. Static method: the first generally accepted method is revaluation, which means that the 

value of a security must be reassessed whenever the interest rate changes. The practical 

solution to this is actually to display the scenario-based values defined in a table, which 

contains the values calculated based on the change after certain units. It is called a static 

method because time values are not continuously variable, but represent an instantaneous 

value, instead of a moving image, a still image is created of projected situations at specific 

times (Brealey & Stewart, 2005). 
b. Dynamic method: a method that practically uses mathematical analysis, called “duration-

convexity approximation”. This method uses the Taylor polynomial approach to 

calculate the change in the maturity of a bond (linear) using a first- and second-order 

derivative to a level, and to determine the continuous exchange rate sensitivity of securities 

by calculating small (non-linear) changes in interest rates (Brealey & Stewart, 2005). 
The first and second order derivatives occupy a very important place in the display of price 

sensitivities, the first derivative of the long-term bond function denotes the yield sensitivity - 

Macaulay index - expressed as a percentage change in price, the second derivative bond. 
In a mathematical sense, a change in the exchange rate of securities means the full differential, 

also known as the derivative, of the change function. 
In economic and financial theory, the rate of change of the price function is calculated using the 

Taylor polynomial. In the calculus, the Taylor formula provides a method of how to give an 

approximation with a nth degree polynomial to any function, starting from an arbitrarily 
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chosen starting point x. Moving away from the starting point, the approximation becomes more and 

more inaccurate, the degree of inaccuracy can be deduced from a residual R. 
The Taylor polynomial formula is a very suitable analytical tool. The importance of stock 

market portfolio management cannot be overemphasized, and changes in interest rates and the rate 

of change must be taken into account when calculating risk values. 
Generally, the second-order approach is used, in which case the Taylor formula gives an 

approximate value as a function of the change in the interest rate given for a change in the value of 

a stock exchange trading product (financial instrument). In these cases, we calculate an interest rate 

that is unchanged and the formula indicates the price sensitivity of the asset: 𝑉(𝑥) =  𝑉(0) −

(𝑉(1)). 𝑥 +
1

2
. (𝑉(2)). 𝑥2 + 𝑅3 (2). 

In the formula, V(1)  is the change in the value of the bond, linearly time-dependent, and V (2) is 

the bond convexity, which expresses the non- linear relationship between the value of the bond and 

the change in the interest rate. Of course, expressed as a percentage of the changes, we get the 

following formula, which gives the final result: (Cont, 2010) 
𝑉(𝑥)

𝑉
=  

𝑉(𝑥)− 𝑉(0)

𝑉(0)
  (3). 

 

3. Methodology 

 

The main object of the empirical research undertaken is to analyze the cyclicality of the market 

using the Taylor polynomial, on the EURUSD currency pair traded on the international foreign 

exchange market, respectively trying to predict future movements of the EURUSD currency pair, 

based on historical data, using econometric methods (polynomial average). 

We determinated two hypotheses: 

H1: It is possible to determine by the Taylor polynomial the trend of the price between 

EURUSD currency pair. 

H2: The future trend,  the cyclicality of the EURUSD currency pair can be predicted using the 

polynomial average. 

The originality of this paper consists in the use of the Taylor polynomial to determine the trend, 

the cyclicality of the market on EURUSD currency pair. Before we didn’t meet, we didn’t read 

about the use of the Taylor polynomial to determine the trend of the currency pair, respectively to 

make predictions using the Taylor polynomial of currency pairs traded international foreign 

exchange market. 

Data used in the research: FOREX - Yahoo Finance public 

database: http://www.histdata.com/download-free-forex-historical-data/?/excel/1-minute-bar-

quotes/EUR USD. 
The FOREX (FOREIGN EXCHANGE MARKET) is the international foreign exchange 

market. In general, goods and services produced in one country must be paid for in the currency of 

that country. Rarely do other countries accept other means of payment, however, as is customary in 

international trade, there is a constant exchange of foreign exchange, a constant 

conversion. FOREX is the largest trading market today, with a daily turnover of $ 5 trillion. By 

comparison, the New York Stock Exchange has a daily turnover of $22 trillion. FOREX has no 

fixed location, no physical headquarters, but an electronic marketplace. The absolute basic law of 

the market is the principle of supply and demand, the balance of capital flows in both directions 

determines the value of current exchange rates. The exchange rate of one country's currency, the 

price of a currency against the currency of another country. Money is not a product, but an asset, the 

amount of which is determined by the government and monetary policy of a given country. It can be 

floating or fixed. The value of a floating exchange rate is determined by market conditions, the 

fixed exchange rate is a fixed proportion of another country's currency, but also an economic 

constraint, as inflexible exchange rate regimes oblige the central bank to keep the country's 

currency on a pre-determined path through foreign exchange market operations (Ray & Anderson, 

2011). 
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The methods used in the research are: 
1. data collection (downloading data from a specialist service provider's website); 

2. structuring the data, entering it into an EXCEL table; 

3. data conversion, conversion into, time series, formatting; 

4. converting data into information and graphical representation a; 

5. research, application of mathematical and statistical calculation formulas, derivation; 

6. power series, graphical representation, creation of a univariate quantitative 

projective model that starts from the past as a single variable (decomposition). 
Figures discrete data entered in the Excel spreadsheet expressed by events, prices indicated in 

the stock market and changes in their show, at any given time. The displayed time interval is one 

minute (1m), these are called timeframes, which means that four different data are archived every 

minute, noting that the four data also contain an additional fifth data, the opening and closing price. 

its relative size can also be important information for a stock trader. Subject of the study, data title: 

EUR / USD currency pair data. Data format: EXCEL.xlsx file. Content of the downloaded data: 

indices of the one-minute time windows (1m) of the EUR / USD exchange rate: open position, high 

position, low position, close position. 
Table No. 1. Data displayed in the EXCEL file 

 
source: Microsoft Excel spreadsheet 

 

Table No. 2. Table title Introduction of the EXCEL file 

  
source: Own Excel file 

The time interval examined in the research is approximately one year, the local minimum and 

maximum established within the entire histogram. 
The figure below shows the total available data set, (chart history), which is the set of archived 

exchange rates. 
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Chart No. 1. Full chart of the EUR / USD currency pair  

(source: www.tradingview.com) 
The figure below shows a relative drawing of the examined time window compared to the 

whole diagram, the examined period is indicated by a rectangle framed in blue. 
 

 
Chart No. 2. Time window of the examined period  

(source: www.tradingview.com) 
 

Zoomed chart for the selected time window: 

 

 
Chart No. 3. EUR / USD exchange rate: 01/13/2017 - 02/15/2018  

(source: www.tradingview.com) 

 

The figure above specifies the time interval examined. The sample element number of the 

examined data set is 420,544 (four hundred and twenty thousand five hundred and forty- 

four). Name of the data: standard critical points (O, H, L, C) of a one-minute time window. The 
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accuracy value of the data is 0.000001, i.e. the millionth accuracy. I averaged the downloaded data 

using the EXCEL spreadsheet commands, as such a huge amount of data can only be worked on by 

running computer programs. In the first step, we calculated the so-called candle average, which 

became the average of the movement within the one-minute time window. Given that the data set is 

large in number, we do not have to worry that the sample number does not behave according to the 

law of large numbers. In many cases, a few hundred pieces of data are usually processed for 

calculations, which can be done by 440.000 can seem like a lot. In the next step, we converted the 

data into one-hour time windows, followed by four-hour and daily averages, respectively. When we 

arrived at calculating the daily data, the number of the original sample item shrank to 294 data, 

which was already much easier to handle. I then calculated different moving averages of the daily 

data, the 9-day, 12-day, and 26-day exponential moving averages. It was necessary to know 

weighted in the calculation of the importance of the data, the data are of less importance receding as 

the latest give you. 

 
4. Data, results and discussions 

 

Definition of basic concepts 

 
Let f be a real function interpreted on an open interval (a, b), and x0 a point in the interval. Let v 

be a clearly identifiable line that has a single point in common with the curve of the function f and 

that does not intersect the curve but is tangential to the same half-plane of the curve. 

An equation of an arbitrarily drawn line with slope m through (x0, y0): 𝑚 =  
𝑦−𝑦0

𝑥−𝑥0
 (4).  

If the line v touches the function f, y0 = 𝑓 (𝑥0) it will be, so 𝐹(𝑥) =  
𝑓(𝑥)−𝑓(𝑥0)

𝑥−𝑥0
,  {𝑥 ∈

 (a, b), 𝑥 ≠ 𝑥0} (5). 

The function F according to the above interpretation is called the derivative function for the 

point f x0. A derivative is a derived function whose interpretation range 𝑥𝑛  consists of the places 

where the 𝑓(𝑥) function can be derived. If the value of x is close enough to the value of x0, then 

the line v becomes a tangent to the function f and the value of F (x) is very close to the slope of the 

tangent. This approximation can be determined by a limit value calculation and if we extend it to 

the whole of the function f instead of the point x0, it will become one of the most basic concepts of 

mathematical analysis, the derivative. The derivative is one of the most effective tools for 

examining the properties of a function, both locally and globally. In the simplest terms, derivation is 

an operation that assigns new functions to specific functions. The basic task of derivation is to 

establish and apply the relationship between functions and their derivatives. Of course, when we 

want to apply mathematical analysis in practice, we need to be able to decide at what intervals and 

at what level the functions under study can be derived, and we need to define the derivatives. If 

any f, 𝑥0 differentiable function point there is the derivative of x0 point, it is called the second 

derivative of the function. The kth derivative can be interpreted similarly using a method called 

induction and is called the kth derivative of the function f. 

 Derivable functions 
  

 Definition  
 The derivative function of the function f is the function that is interpreted for every x where 

f can be differentiated and where its value is f ′(x). The derivative function can be used to examine a 

given function f locally and globally. The existence and value of the derivative function is suitable 

for determining the behaviour around the given function f, the point x and shows the local 

behaviour of the function, or if the function f can be derived at a specific (a, b) ∈ A at each point 

of the interval, then f '(x) from the value of the derivative function we can deduce the global 

behaviour of the function f. 
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Interpretation: 
Let A ⊆ ℝ be an open set, x0

 
∈ A ∩ A ' and let f: A → ℝ be a function: 

a. the main functions of the limit value x0 points: lim𝑥→𝑥0

𝑓(𝑥)−𝑓 (𝑥0)

𝑥−𝑥0
= 𝑓′(𝑥0) (6) 

b. if there exists a 𝑓′(𝑥0) limit and its value is finite, then the function f can be derived at the 

𝑥0  point. The k-th derivative of the function f is the function that is interpreted at 

the points x where the function f can be derived k-times and its value 𝑓(𝑘)(𝑥) (7). 

  

 

 

Comment: 

a. If the directional factor is taken into account, the limit value in the h-direction can be written 

according to the following formula: lim𝑥→𝑥0

𝑓(𝑥0+𝑡.ℎ)−𝑓 (𝑥0)

𝑡
= 𝑓′(𝑥0) (8). In this case, the 

above limit is denoted by 𝛿𝑓(𝑥0, ℎ) (9). 

b. If we consider the following equality that 𝑥 − 𝑥0 = ℎ, then 𝑓′(𝑥0) =  lim
ℎ→0

𝑓(𝑥0
 
+ ℎ) − 𝑓(𝑥0)

ℎ
 , 

𝑥0 + h ∈ A (10). 

  

Statement: 

The 𝒇: 𝑨 ⊆  ℝ𝑛 →  ℝ  derivable function at x0 ∈ Int ( A) is continuous at the 𝒙𝟎 point, that is, 

derivability is a stronger constraint than continuity.  
Comment: 

a. The reverse of the statement is usually not true, continuity is a necessary but not a sufficient 

condition for derivability. There exists a function that is continuous at x but cannot be 

derived. For example, a 𝒇(𝒙) =  |𝑥|function if x = 0. 

b. There is also a function that is continuous everywhere but cannot be derived anywhere. For 

example 𝑇(𝑥) =  ∑
(2𝑛.  𝑥)

2𝑛
∞
𝑛=0  (11), x is the distance of the real number from the nearest 

integer. 
c. There is also a function that can be derived at an x point but is not continuous at any other 

point. For example 𝑓(𝑥) =  { 𝑥2,   𝑖𝑓 𝑥 𝑖𝑠 𝑟𝑎𝑡𝑖𝑜𝑛𝑎𝑙 

−𝑥2,   𝑖𝑓 𝑥 𝑖𝑠 𝑖𝑟𝑎𝑡𝑖𝑜𝑛𝑎𝑙
 (12). 

 

Item: All elementary functions are continuous and derivable. 

Fermat's theorem (Pierre de Fermat's theorem): Let I be an open set and x0 ∈ I the extreme 

value of the function is f: I → ℝ . If the function f can be derived at x, then    𝑓′(𝑥0) = 0. 
 Theorem (Michel Rolle's theorem): We interpret the function f: I → ℝ , which is continuous 

in the interval I = (a, b) and can be differentiated in the interval I = (a, b). If f (a) = f (b), then there 

exists ∈ (a, b) for which 𝒇′(𝒙𝟎) = 0. 
 Theorem (Joseph Louis Lagrange theorem): Suppose that the function f: I → ℝ is 

continuous and differentiable in the interval I = (a, b). Then there exists a number c ∈ (a, b) for 

which 𝑓′(𝒄) =  
𝑓(𝑏)−𝑓(𝑎)

𝑏−𝑎
 (13).  

 Theorem (Augustin-Louis Cauchy's theorem): Let f: I → ℝ and g : I → ℝ be continuous on 

the interval I = (a, b) and be differentiable on the interval I = (a, b), and for all x ∈ (a, b)      g' ( x ) 

≠ 0, then there exists c ∈ (a, b) for which 
𝑓′(𝑐)

𝑔′(𝑐)
=  

𝑓(𝑏)−𝑓(𝑎)

𝑔(𝑏)−𝑔 (𝑎)
 (14). 

The function f has a local maximum at the point if a has a U environment in which f 

is interpreted, and for all x ∈ U it is true that f(x) ≤ f (a). The function f has a local minimum at the 

point if a has a U environment in which f is interpreted, and for all x ∈ U it is true that f (x) ≥ f (a). 
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Theorem (Guillaune de l’Hospital theorem): Mean α is an a real number, β is a b real number 

and let f: I → ℝ and g: I → ℝ function differentiable the α environment such that g ≠ 0 and g ' ≠ 

0. Suppose that lim
𝑥→𝜶

𝑓(𝑥) = lim
𝑥→𝜶

𝑔(𝑥) = 0, or lim
𝑥→𝜶

∣ 𝑓(𝑥) ∣ = lim
𝑥→𝜶

∣ 𝑔(𝑥) ∣ =  ∞ If lim
𝑥→𝜶

𝑓′(𝑥)

𝑔′(𝑥)
=  𝛽, 

then lim𝑥→𝜶
𝑓(𝑥)

𝑔(𝑥)
=  𝛽 (15). 

Theorem (Theorem Jean Gaston Darboux): Let f: I → ℝ be a continuous function on 

the interval (a, b). If the function f is continuously derivable, then it takes all values between the 

two function values of f'(x), so the derivative of every derivable real function has Darboux 

properties. 
 Theorem (Bolzano theorem): Let f: I → ℝ be a continuous function on the interval (a, b). If 

the number k is between f (a) and f (b), then there exists c ∈ (a, b) for which f(c) = k. 
 

The Taylor polynomial 
 

Definition 
Let f(x) be a nonlinear function that can be derived n times in an interval whose interior point 

is x.  

Let f' of the first-order derivative function of the x points, and respectively have a higher 

degree derivatives f”(x), f”’ (x), ..., f
n (x).  

Consider (a, b) ∈ Int (A) on the set of positive real numbers, a function f interpreted on an open 

interval and derivable n times. Let b ∈ Int (A) for which φ ≠ 0 exists on the open interval (a, b) such 

that 

𝑓(𝑏) =
𝑓(𝑎).(𝑏−𝑎)0

0!
+

𝑓′(𝑎).(𝑏−𝑎)1

1!
+

𝑓″(𝑎).(𝑏−𝑎)2

2!
+

𝑓‴(𝑎).(𝑏−𝑎)3

3!
⋯ +

𝑓𝑛(𝑎).(𝑏−𝑎)𝑛

𝑛!
+ 𝑅𝑛 (16) 

𝑓(𝑏) = 𝑓(𝑎) + 𝑓′(𝑎). (𝑏 − 𝑎) +
𝑓″(𝑎).(𝑏−𝑎)2

2!
+

𝑓‴(𝑎).(𝑏−𝑎)3

3!
⋯ +

𝑓𝑛(𝑎).(𝑏−𝑎)𝑛

𝑛!
+ 𝑅𝑛 (17) 

whose general form is 𝑓(𝑏) = ∑
𝑓(𝑛).(𝑎)

𝑛!
. (𝑏 − 𝑎)𝑛 + 𝑅𝑛

∞
𝑛=0  (18) where the residual residue 

(𝑅𝑛) can be written in the following forms: 𝑅 =  ∫
(𝑏−𝑎)𝑛.𝑓(𝑏)

(𝑛+1)′

𝑛!
. 𝜕𝑎

𝑏

𝑎
 (19) exact, integral shape; 

𝑅𝑛 =  
𝑓(𝑛+1).(𝜉).(𝑏−𝑎)(𝑛+1)

(𝑛+1)!
 Lagrange form, 𝜉 ∈ (a, b); 𝑅𝑛 =  

𝑓(𝑛+1).(𝜉).(𝑏−𝜉)𝑛.(𝑏−𝑎)

𝑛!
  (20) Cauchy form, 

𝜉 ∈ (a, b). 

If the function f can be derived infinitely, then the value of the remainder will be zero: 

lim𝑛→∞  𝑅𝑛 = 0. If 0 ∈ Int (A) and 𝑥0 = 0, the line is called the Maclaurin formula.  

Application of the Taylor polynomial in economic analysis 
Let be 𝒇(𝒙) a nonlinear function that can be derived n times at the 𝒙𝟎 point. The 

Taylor polynomial to 𝒇(𝒙) give local function approach to the 𝒙𝟎immediate vicinity of points. 

𝑓(𝑥) = 𝑓(𝑥0) + (𝑥 − 𝑥0). 𝑓′(𝑥0) +
(𝑥−𝑥0)2

2!
𝑓′′(𝑥0) + ⋯ +  

(𝑥−𝑥0)𝑛

𝑛!
. 𝑓𝑛(𝑥0) (21) 

To approach a function in the context of a given 𝒙𝟎 point, we take the first derivative of the 

function and replace it with the original function again to create a subsequent function. Of course, 

this approach gives real value only for small values, the larger the deviation, the more inaccurate the 

approach will be. 

Consider a specific example and for a better understanding, solve the following problem: find 

Taylor's approach to the following function, for 𝑥 = 1: 𝑓(𝑥) =  𝑥3 − 2. 𝑙𝑛𝑥 
Solution: 𝑓(1) = 1; 𝑓′(𝑥) = 3𝑥2 − 2𝑥−1 that is 𝑓′(1) = 1; 𝑓′′(𝑥) = 6𝑥 + 2𝑥−2 that is 

𝑓′′(1) = 8; 𝑓′′′(𝑥) = 6 − 4𝑥−3  that is 𝑓′′′(1) = 2 (22). 

The Taylor approach simplifies the cubic root shape: 𝑓(𝑥) =  
𝑥3

3
+ 3𝑥2 − 6𝑥 +

11

3
 (23) 
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For the next approach: 𝑓(𝑥) ≈ 1 + (𝑥 − 1) + 4(𝑥 − 1)2 +
(𝑥−1)3

3
 (24). 

If the distance from 1 is small, say if 𝑥 = 1,02 the approach is considered accurate because 

the  𝑓(𝑥) = 1,021603 value will have a good approach a 𝑓(𝑥) = 0,1021597. However, if the 𝑥 =
1,5 exact value is 2.564, the value of the Taylor approach is 2.458. 

Now let’s move on to the economic approach and apply the formula described above: Let 

be 𝒇(𝒙)a nonlinear function that can be derived n times at the 𝒙𝟎 point. 

𝑓(𝑥) = 𝑓(𝑥0) + (𝑥 − 𝑥0). 𝑓′(𝑥0) +
(𝑥−𝑥0)2

2!
𝑓′′(𝑥0) + ⋯ +  

(𝑥−𝑥0)𝑛

𝑛!
. 𝑓𝑛(𝑥0) (25) 

Substituting the 𝒙 value of the  𝒙𝟎 place end the 𝒙 + ∆𝒙  of the 𝒙 place. In this case, the Taylor 

power series will give the nth order approach to change, in the case where it changes by a very 

small ∆𝒙 value. 

𝑓(𝑥 + ∆𝑥) − 𝑓(𝑥) ≈ 𝑓′(𝑥)∆𝑥 +
1

2!
𝑓′′(𝑥)(∆𝑥)2 + ⋯ + 

𝑓𝑛

𝑛!
. (∆𝑥)𝑛 (26) 

A typical stock exchange trading portfolio includes several assets with different risk 

factors. These can be various stocks, bonds, financial instruments, commodities. Risk ratings can be 

linear or non-linear risk factors, depending on whether they contain options. If options are included, 

the prices of the options depend on the base value of the contract and the price volatility. The risk 

factor sensitivity of an asset or portfolio (Alexander, 2008) measures the change in price when all 

other risk factors are constant. Risk sensitivity has a different name for each category of financial 

instrument, the risk sensitivity of the equity portfolio is the “beta factor”. In economic financial 

calculations, portfolio management most often uses a second-order derivative of the 

Taylor polynomial approach. The first-order derivative is “delta,” the second-order derivative is 

“gamma”. Interpret the price of an asset as an S-value or consider the only risk factor as a 𝒈(𝑺) 

function. 
 Let delta be the first-order derivative: 𝜹 = 𝒈′(𝑺) (38), or let gamma be the second-order 

derivative: 𝜸 = 𝒈′′(𝑺) (39), such that 𝑛 = 2. The price sensitivity of an asset can be estimated 

using the following equation: 𝑔(𝑆 + ∆𝑆) − 𝑔(𝑠) ≈ 𝛿∆𝑆 +
1

2
. 𝛾(∆𝑆)2 (27). 

This formula is called the delta-gamma approach (Alexander, Market Risk Analysis - Vol I, 

Quantitative Methods in Finance, 2008). This approach allows portfolios to compare risk factor 

sensitivities for linear and nonlinear assets, with a positive gamma value for a nonlinear asset 

meaning that it has less risk than linear partner, a negative gamma value means a higher risk value. 
Similarly, the second-order Taylor polynomial is used to estimate the so-called duration-

convexity approximation. Maturity is the linear variable in the equation, and convexity is the 

quadratic variable in the interest rate. This equation is called the interest rate sensitivity 

approach. Of course, third-order and higher-order Taylor polynomials are also used in multivariate 

systems of equations, in cases where the price sensitivity of multiple prices, the price of multiple 

assets, the price sensitivity of multiple risk factors must be estimated. 

 

 

Types of moving averages and trends in stock market analysis 

 

The basic idea of calculating moving averages is to produce the trend as a dynamic average of 

the original data set. It is a very common application in the practice of stock market analysis 

because it is simple and fast to calculate. The disadvantage is that the time series produced in this 

way is shorter, contains much less data than the original sample number, so in the case of a very 

short time series, the trend cannot be clearly indicated. The determining element of the moving 

average is the time window, which means the length of the look back, depending on how many data 

are taken into account in the averaging. When calculating the moving average, averaging from the 

values of the time series from a value of k members with an arbitrarily selected number of k, we 

take the value k + 1 in each case and omit the earliest data of the time series. Thus we see a moving 

time window with a constant number of k items, the incidence of each new data is accompanied by 
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the loss of the last member. By averaging, we reduce the role of random effect, but ensure that the 

trend is maintained. 
Linear trend 
For linear trend functions we use the least squares method, we look for a function for which the 

sum of squares of the difference between the observed and the values calculated by the model is 

minimal (least squares method) ∑ 𝑒𝑖
2𝑛

𝑖=1 =  ∑ (𝑦2 − 𝑦1)2  → 𝑚𝑖𝑛𝑛
𝑖=1  (28). In the case of a linear 

trend, the degree of change between periods shows a certain constancy. 

Simple Moving Average (SMA) 

A simple arithmetic moving average gives equal weight to all the data in the set. The close time 

window attaches equal importance to the entire length of each element, which calculated the simple 

arithmetic average: 𝑆𝑀𝐴(𝑗) =  
1

𝑛
 ∑ 𝑿

𝑗
𝑖=𝑗−𝑛   (29) SMA - simple moving average, n - number of 

elements, X - the actual value at the given time. 
Exponential Moving Average - EMA (Exponential Moving Average) 
The exponential moving average is more sensitive to newer data than the simple moving 

average, attaches more importance to data closer to the present, the past data decreases by 

an exponential rate in direct proportion to the distance, which reduces the lag, but still delays the 

indicator. The real purpose of moving averages is to filter out short-term noise while determining 

the trend, as fluctuation can disturb the line of the averages: 𝐸𝑀𝐴 =  [𝑃 − 𝐸𝑀𝐴𝑃−1] ∗
2

𝑛+1
 𝐸𝑀𝐴𝑃−1, n ≥  2 (30). 

Impulse is an energetic indicator of the movement trend, the percentage change in change that 

is the difference between today’s price and past price: 𝒎𝒐𝒎𝒆𝒏𝒕𝒖𝒎 = 𝒂𝒄𝒕𝒖𝒂𝒍 𝒑𝒓𝒊𝒄𝒆 −
𝒙 𝒑𝒂𝒔𝒕 𝒑𝒓𝒊𝒄𝒆. 

The rate of change (the rate of change), expresses the percentage proportion to this change: 

𝑅𝑂𝐶 =  
𝑀𝑂𝑀𝐸𝑁𝑇𝑈𝑀

𝑋 𝑝𝑎𝑠𝑡 𝑝𝑟𝑖𝑐𝑒
=  

𝑐𝑙𝑜𝑠𝑒 𝑡𝑜𝑑𝑎𝑦−𝑐𝑙𝑜𝑠𝑒𝑛 𝑑𝑎𝑦𝑠 𝑎𝑔𝑜 

𝑐𝑙𝑜𝑠𝑒𝑛 𝑑𝑎𝑦𝑠 𝑎𝑔𝑜
 (31). 

The momentum of the examined device is shown by the moving average. This graph is 

commonly referred to as a histogram and is represented as a histogram graph. The histogram is the 

9-day exponential average of the moving average. Although the histogram does not use any data 

other than the 12-day exponential average and the 26-day exponential average used by the moving 

average, it provides separate, independent, and valid data on market momentum 
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Chart No. 4 Moving average graph and data 

(source: self-edited chart) 

 

 
Chart No. 5 Signal and histogram 

(source: self-edited chart) 

If we want to examine the graphs in real time, a further disadvantage of the moving average 

may be that if we use little data, the movement trend of the changes presented in the calculations 

will not be relevant, and if we use too long a time window, the trend will be so late. from the 

relevant time range. To eliminate this, some kind of noise filtering method would be needed, which 

adjusts the forecast over time and as fresh data appear. In the future, I plan to apply the Kálmán 

filter, which will allow for further investigation and may point in the direction of the forecast. The 

Kálmán filter was first used by NASA in the Apollo Programs when correcting the orbit of space 
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shuttles. It is not impossible that, if we can approach the price changes of stock indices for 

forecasting purposes, continuous updating will offer additional regulatory opportunities, which may 

also lead to the development of a learning system in the distant future. 

 

 
Chart No. 6 Graph of 12-day and 26-day averages for the study period 

(source: self- edited EXCEL file) 
 

Thus, the figure above shows a graphical representation of two intersecting nonlinear functions 

that intersect at given points. In many cases, crossovers provide valuable information to the stock 

trader, as these derived charts provide additional information about the trading volume of the 

market. If the curve is steep, high-volume trading takes place, which causes faster shifts from 

equilibrium, the direction of movement provides useful information about the development of 

trends. 
The moving average calculated step by step already follows the development of price changes 

better, the figure below shows the graph of the two-step moving average. 
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Chart No. 7 Representation of the two-month moving average of the examined period 

(source: self-edited EXCEL file) 
 

Polynomial trend determination  

                     
An additional possibility for analysis and forecasting is the determination of the polynomial 

quadratic trend, which assumes that there are turning points in the development of nonlinear 

processes, and that there is a trend change in the time series. It makes sense that increasing the 

number of degrees gives a better fit. 
In wave theory, which is primarily applicable to stock market movements, it can be assumed 

that there is at least one turning point in the time series. The professional approach considers this 

structure to be fundamentally acceptable, a motion structure, a wave resulting from a pulse - 

correction - pulse trinity. Of course, these waves and movements also contain seasonal, cyclical, 

and random components that we want to filter out using moving averages, noise. Accordingly, as a 

basis for our study, we can state that the direction we follow is the search for a decomposition time 

series model, which is composed of factors that can be separated from each other as much as 

possible. The first-order derivative determines the linear or linearizable component of the trend or 

longer-term base trend. The second-order derivative defines the quadratic trend, whose fluctuations 

characterize the impulse-correction-impulse structure, the third-order derivative would determine 

the rate of change, and finally the random variable, which reacts to the information of the current 

political and economic situation in the short run, this is called noise in wave theory (Shleifer, 2000). 

Of the n-th degree polynomials, the quadratic polynomial is well known, the parabola, and its 

use is the most common. A higher degree of polynomial trend should be used to characterize the 

time series of economic data. In the case of complex political, social and economic phenomena, the 

diversified and manifold unknowns cannot be directly interpreted, but when increasing the degree, 

it should be noted that if the degree becomes too high, the residual variance increases in direct 

proportion to the degree increase, (Hamilton, 1994), (Davison, 2014) , as a result of which random 

fluctuations can also be incorporated into the time series. 
In the following, we can follow the graphical representation of the polynomial trends 

determined using the Taylor formula, which we calculated using the EXCEL spreadsheet program. 
To determine the derivatives used, we purchased a program that can be used 

by www.tradingview.com , which can be used to generate any nth order derivative of moving 

averages. The language of the program is PYTHON, considering that we do not have programming 

skills, so we applied for help. We have attached the derivation commands written in the Python 

programming language to the dissertation, written by Mr. Lajos Losonczi Phd. researcher, 

university professor, inventor, who was very happy to help us and solved the commands we 

requested in the above-mentioned programming language. 

MA trend 
candles 
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Once the derivatives were created, it was not difficult to create the corresponding Taylor 

polynomial in an Excel spreadsheet, since a predetermined sum of degrees had to be generated. 
The number of degrees we used was n = 6 because we observed that the derivatives showed 

zero values in the same place, however, if we increased the number of degrees, this phenomenon no 

longer occurred. From this, we concluded that the ideal polynomial is sixth degree or less. Of 

course, we also created the polynomial for n = 2, n = 3, n = 4, n = 5, and n = 6 cases. The higher the 

degree of the polynomial, the more it followed the motion of the function than we will see later. 
The equations of the generated Taylor polynomials are as follows: 

 n = 2 y -2E-05x 2 + 0.0048x + 1.0346 (45) 

 n = 3 y -9E-07x 3 + 6E-05x 2 + 0.003x + 1.0438 (46) 

 n = 4 y 2E-07x 4 - 3E-05x 3 + 0.0011x 2 - 0.0103x + 1.0847 (47) 

 n = 5 y -4E-10x 5 + 3E-07x 4 - 3E-05x 3 + 0.0011x 2 - 0.0109x + 

1.0859 (48) 

 n = 6 y -1E-09x 6 + 2E-07x 5 - 1E-05x 4 + 0.0004x 3 - 0.0046x 2 + 

0.0238x + 1.0304 (49) 

 

Presentation of research results 
 
Research steps 
The first attempt was to determine the differential equations using MS Office Excel, however, 

it seemed to me that the results were not producing the level we expected, so we moved on. 
  

 
Chart No. 8 The differential equations generate Excel 

(source: self-edited Excel file) 
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Chart No. 9 Generation of differential equations using Excel 

(source: self-edited Excel file) 
  
After then we purchased a software package available on an online platform that allowed us to 

perform the calculations accurately. The program, written in Python, had already calculated exactly 

what we needed, determined the derivatives of the moving averages by which the Taylor 

polynomial could be generated. The first step was to determine the linear trend, which did not 

encounter any difficulty. The simplest approach to time series is to determine the means of the 

observed values, the standard deviations, the square of the standard deviation, and the variance. 
  

 
Chart No. 10 Linear trend definition 

(source: self-edited Excel file) 
 

The next step was to define an approach to polynomial trends using the program mentioned 

above and the Excel spreadsheet. The second-order polynomial trend is shown in the diagram below 

(n = 2). 
 

candles 
linear trend 
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Chart No. 11 Polynomial average of the examined period, n = 2 

(source: self-edited Excel file) 
 

The third-order polynomial trend is shown in the diagram below (n = 3). 

  

 
Chart No. 12 Polynomial average of the examined period, n = 3 

(source: self-edited Excel file) 
  
The fourth-order polynomial trend is shown in the diagram below (n = 4). 
  

 
Chart No. 13 Polynomial average of the examined period, n = 4 

(source: self-edited Excel file) 
  
A long-term trend in a time series is called a trend. A trend is a regular, well-modeled linear or 

wave motion defined by seasonality, cyclicality, a random acceptable but disturbing event, 
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noise. The aim of the analysis is to describe the trend trajectory, to separate and filter out the 

individual elements. 
 The fifth-order polynomial trend is shown in the diagram below (n = 5). 
  

 
Chart No. 14 Polynomial average of the examined period, n = 5 

(source: self-edited Excel file) 
  
The sixth-order polynomial trend is shown in the diagram below (n = 6). 
  

 
Chart No. 15 Polynomial average of the examined period, n = 6 

(source: self-edited Excel file) 
  
We distinguish between additive and multiplicative models according to the connection and 

relationship of the components of the series. The additive form assumes that the cycle, seasonal 

effect, and random members make trend-independent fluctuations, according to the multiplicative 

model, the cycle, seasonality, and noise are constant in proportion to the trend. 
 For comparison, here is a sixth-order polynomial that approaches a function defined by 

prices. The difference between the two diagrams is clearly visible, the former describes the moving 

trend of changes quite well, while the other only gives a theoretical approach. 
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Chart No. 16 Representation of a sixth degree polynomial 

(source: self-edited Excel file) 
  
Another basis for comparison may be the logarithmic trend, which shows that this type of 

method may not be successful in making the prognosis, despite describing the change in proportions 

well, with relative percentage averaging 
  

 
Chart No. 17 The logarithmic trend 

(source: self-edited Excel file) 
 

There are two methods of trend calculation, analytical and moving average. In the case of the 

analyst, it can be assumed that the long-term trend develops according to some analytically well-

described function; in the case of the moving average trend calculation, the trend is produced by 

different averaging the values of the observed time series. 
 

Possibility of forecasting using an econometric model 
 

The future has always been a challenge for humanity. People have always been interested in 

learning about the future, as one of the basic conditions for adaptation is to know the expected 

scenarios and the risk at some level. Well-founded or scientific futures research is the mapping of 

expected trends in the field of economics, the estimation of the possible effects of each influencing 

factor, and the analysis of the consequences and the formation of alternative scenarios, all ways to 

deal with the problems that arise. Forecasting and planning can also be the key to 

success. Phenomena observed in the past, empirical data can provide useful information, the 

economic environment is relatively unstable, in constant motion, forecasting can be a serious 

decision support factor in the preparation of a decision. The order of the available data has a 

prominent role, the observations occur in the same time unit, this is called the equidistant time 

candles 

logarithmic trend 
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series. The simple basic concept of forecasting is to use the created econometric model to find the 

recurring regularities that characterize the time series, these are called cycles and seasonality.   

 

 
Chart No. 18 Polynomial average of the examined period, n = 6 projection 

(source: self-edited Excel file) 
  

 
Chart No. 19 Realized movement after the examined period 

(source: self-edited Excel file) 
  
Perhaps the most important step in the research was time series analysis, when we was able to 

determine the internal cyclicality of the period under study and use time series analysis to make 

predictions about the expected behaviour of the future. 
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Chart No. 20 Analysis of the examined time series with the “R” program 

(source: self-edited "R" file) 
 

The chart no. 23 shows the possibility of using the model for forecasting purposes. The 

expected value of the forecast is indicated by the red line, the purple and gray fields represent the 

rapidly expanding confidence interval, with 75% and 95% confidence levels. 
  

 
Chart No. 21 Statistical forecast 

(source: self-edited Excel file) 
 

Of course, forecasting the expected value of changes in stock prices is not so simple, as the 

social, political, economic situation changes every day and the stock market processes and reacts to 

all the information in the world. The stock market’s reaction is difficult to predict, as the stock 

market’s response to the same type of news is unclear. The topic of our research is not the study of 

mass psychological factors, in our study the principle of ceteris paribus prevails well, that for the 

time of our study we consider everything else to be of negligible significance and ignore its 
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effect. Nevertheless, the econometric model provides a good estimate for determining the expected 

value, which can be a good help in supporting trade decisions. 
 

5. Conclusions 

 

Digital signal processing is based on the application of complex mathematical analysis and 

calculus using modern computers and analytical programs. Most phenomena are complex, intricate, 

intricate, and multifactorial functions that can no longer be simplified by the ceteris 

paribus principle used in economics. The purpose of signal processing is to determine cyclicity and 

is usually done using different filters.  

Defining cycles is not an easy task. One of the reasons for this is that the usable signal and 

noise are almost at the same level, their ratio is small, so even good methods are difficult to cope 

with.  

Based on the research results we can validate both determined hypotheses.  

We proved that, it can be determined by the Taylor polynomial the trend of the price between 

EURUSD currency pair. 

With the help of the Excel spreadsheet, it was possible to project in a certain number of 

steps. We made the projection for five step lengths. Forecasting has proved to be a good approach 

to what has actually happened (after 2/15/2018), which is a good reason for us to continue working 

and to keep the direction we have started, to do further research in the specific field. In conclusion 

based on the research results we also validate the second hypotheses: the future trend, the cyclicality 

of the EURUSD currency pair can be predicted using the polynomial average. 
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