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The behavior of a stock exchange market can be made through its relative change of the unstable market variables. However, we use the form of matrix calculus to present initial stock prices of Dangote Cement, PLC in order to note different uses of matrix algebra in analyzing stock market prices. The problem were formulated and proved through illustrative cases such as: to presents the rate of change of the matrix  for different trend functions such as: linear, quadratic, cubic, seasonal variations and exponential trends. In the same vain, inflation parameters were used to study the rate of change of relative amount of each cement according to sales, the total cost of cement to four key marketers to different locations which gave lots of significant changes in terms of decision making. To this end, measurable spaces were adopted to show that stock prices are measurable and this gave clear insight to Dangote and other corporate investors about investment plans.  
Keywords: Stock prices, Investors, Matrix calculus, Dangote and Measures 
1.1 Introduction
Matrix calculus and measurable spaces can be applied to predict stock market price changes by modeling and analyzing complex financial data. This framework enables the estimation of probability distributions and stochastic processes that govern stock price movements. However, matrix calculus helps analyze relationships between multiple stocks, indices, or economic indicators, enabling the identification of patterns and trends. Measurable spaces provides a framework for modeling stochastic processes that drive stock price changes, allowing for the estimation of probability distribution’s and risk assessment. By combining matrix calculus and measurable spaces, predictive models can be developed to forecast stock price changes, enabling informed investment decisions. Therefore, applying matrix calculus and measurable spaces, investors and financial analysts can gain valuable insight into stock market dynamics, enabling more informed investment decisions and better risk management.
All the same, Matrix plays a vigorous role in mathematics and numerous other sciences due to its wide applications. The subject matter matrix has a lot of great content for discussion and research. It offers countless beautiful theorems that are straight forward and yet striking on their formulation, uncomplicated and yet ingenious in their proof, and diverge as well as powerful in their application,[1] .
Though, lots of authors on stock prices,[2] considered a matrix application to Dangote stock market prices is considered where an illustrative case is provided in different forms.  In another dimension,   In another dimension, [3] examined stochastic system with changes to measure the value of wealth for each corporate investor through linear and quadratic returns.  Also, [4] Investigated system of stochastic differential equations with prominence on disparities of drift parameter for stock market. In [5] study, the stochastic analysis of two asset values was successfully analysis through its close from analytical solution.  [6]. Considered stability and controllability for stock exchange market were obtained; first by developing a vector valued stochastic differential system with control. [7] investigated the applications of various stochastic volatility models in determining optimal investment strategies in the stock market. Yet [8] studied stochastic model of the fluctuation of stock market price. Conditions for finding out the equilibrium price, adequate conditions for robust stability and convergence to equilibrium of the growth rate of the value function of shares. Many authors have extensively addressed the issues of stock prices such as [21 – 26].
Nevertheless, this paper aimed at predicting stock market prices by means of matrix calculus and measurable spaces for capital market plans. This is due to complicated nature of stock prices which has brought a lot of dynamical changes, the rise and fall pattern of prices where investors are duly affected in their decision by the expected returns; these decisions can be convincing if matrix differential calculus applications with measurable spaces for price changes are used. Also, we were concerned due to the empirical application of matrix models on Dangote stock market prices authored by [2]. We have established some approaches by means of five illustrative cases of finding the rate of change at different functions such as linear trend, quadratic trend, cubic trend, seasonal trend and exponential trend patterns.  We have also applied measurable spaces on stock prices in order to show that Dangote Cement stock prices are measurable so as to enable them take vital decisions based on the levels of their investments. The improvement of this present paper over [2] is that this paper investigates the rate of change via matrix differential calculus with measurable spaces in this dynamic area of financial mathematics.  
The plan of this paper is set as follows: Section 2.1 is methodology, Section 3.1 presents Results and Discussion, Section 4.1 concludes the paper.
2.1. Methodology
Here we state few definitions which is the basis of this study as follows.
Definition 1 Matrix Differential Calculus: This is a branch of mathematics that deals with the study of rates of change of matrix-valued functions. 
Definition 2 Derivative of a matrix: The derivative of a matrix-valued function with respect to a scalar or another matrix.
Definition 3 Matrix Differential:  This is a way of representing the derivative of a matrix-valued function.
Definition 4 Product rule: A rule for computing the derivative of a product of matrix-valued functions.
2.1.1 Problem Formulation

Here, we use the form of matrix  to present initial stock prices of Dangote Cement, PLC in order to note different uses of matrix algebra in analyzing stock market prices such as: to presents the rate of change of the matrix  for different trend functions such as : linear, quadratic, cubic seasonal variations and exponential,  the rate of change of relative amount of each  cement according to sales, getting the total cost of cement to four key marketers to different locations. The following are dynamics in illustrative cases.

Case 1:Considering long and short term investments of Dangote Cement,PLC,where dividends will not have been declared and no new assets have been purchased then stock return follows particular processes,[2] and  [8] .let’s consider the rate of change of the matrix with respect to time  for different types of  trend functions.
1. 

Linear Rate of Change: If the market price of  are linear function of  , the rate of change will be constant.
Prove: We show that the rate of change in market price will be constant over time.

	 	(1.1)
The rate of change of equation(1.1) gives as follows:


	 	(1.2)

2. 

Quadratic Rate of Change: If the market price of  are quadratic function of  , the rate of change will be linear.
Prove: We show that the rate of change in market price will be linear over time.


                                   	(1.3)
The rate of change of equation(1.3) gives as follows:

                               	(1.4)


 3. Cubic Rate of Change: If the market price of  are cubic functions of  , the rate of change will be quadratic.
Prove: We show that the rate of change in market price will be quadratic  over time.

                                  	(1.5)
The rate of change of equation(1.5) gives as follows:


                               	(1.6)

4. Seasonal Variation Rate of Change: If the market price of  exhibit seasonal variations , the rate of change will also exhibit periodic behavior.
Prove: We show that the rate of change in market price will exhibit periodic behavior over time.

                                 	(1.7)
The rate of change of equation(1.7) gives as follows:


	 	(1.8)



5 .Exponential Rate of Change: If the market price of  are exponential functions of time ,  the rate of change will also exponential.

                                                     	(1.9)
The rate of change of equation(1.9) gives as follows:


	 	(1.10)
The rate of change is crucial in time-varying investments, as it helps investors or Dangote Cement understand the dynamics of stock trends and make informed decisions.






Case 2:  let  which is solution of the given system by away of row matrix, Amadi et al.(2025). Also let  represents the relative amount of each cement according to sales for Dangote in short trading period. Considering  the rate of change of matrix with respect to time  for different  trend functions ; hence the dynamics follows:   .
1. Effects of inflation parameters to study the rate of change on relative amount of each Cement according to sales when the trend function is linear:
	

	 	(1.11)
2. Effects of inflation parameters to study the rate of change on relative amount of each Cement according to sales when the trend function is quadratic:


                               	(1.12)
3. Effects of inflation parameters to study the rate of change on relative amount of each Cement according to sales when the trend function is Cubic:

                                  	

                               	(1.13)
4.  Effects of inflation parameters to study the rate of change on relative amount of each Cement according to sales when the trend function is Seasonal:
                                 	

	 	(1.14)
5. Effects of inflation parameters to study the rate of change on relative amount of each Cement according to sales when the trend function is Exponential:

	 	(1.15)

Case 3:  Let  represents the  cost function in naira of getting raw materials for production of cement is as follows:

	 	(1.16)


 Amadi et al.(2025) . The total cost dynamics is defined as : , hence we have as follows	 	

1. The Cost function  in naira of getting raw materials for production of Cement when the Rate of Change is linear trend: 

	 	(1.17)

2. The Cost function  in naira of getting raw materials for production of Cement when the Rate of Change is Quadratic trend:

                                                	(1.18)

3. The Cost function  in naira of getting raw materials for production of Cement when the Rate of Change is Cubic trend:
                              

                                                  	(1.19)

4. The Cost function  in naira of getting raw materials for production of Cement when the Rate of Change is Seasonal trend:
                     	

	 	(1.20)

5. The Cost function  in naira of getting raw materials for production of Cement when the Rate of Change is  Exponential trend:

	 	(1.21)		
2.2 Measurable spaces
Here we give few definitions under which this study lies
Definition 5: A [image: ] -algebra  is a set [image: ] of subsets of [image: ] with the following axioms:
(i)	[image: ]	(1.22)
(ii)	If [image: ]	(1.23)
(iii)	If [image: ]	(1.24) 
Clearly [image: ] is the complement of [image: ].
Definition 6: If [image: ] is a [image: ] -algebra in [image: ], then[image: ] is called a measurable space and the members of [image: ]are called the measurable sets in [image: ].
Definition 7: Let [image: ] be a measurable space .A map [image: ] is called a measure provided that
(i)	[image: ]	(1.25)
(ii)	[image: ]	(1.26)

Definition 8: Probability space is a triple [image: ]where [image: ] represents a set of sample space,[image: ] represents a collection of subsets of [image: ], while[image: ] is the probability measure defined on each event [image: ] . The collection [image: ] is a [image: ] -algebra or [image: ] -field such as [image: ] and [image: ] is closed under the arbitrary unions and finite intersections. Hence it is called probability measure when the following condition holds.
(i)	[image: ]	(1.27)
(ii)	[image: ]	(1.28)
(iii)	[image: ]	(1.29)



Definition 9: Conditional probability. If  then the conditional probability that  occurred given that  occurs is defined to be

	 	(1.30)
2.3 Data description
The data set for this study were obtained from Nigerian Stock Exchange (NSE): Dangote Cement on the first quarter of four initial stock prices for different years (2021-2024). 
3.1 Results and Discussion
This Section presents analyzed results whose methods are stated in Section 2.1-2.2. which were implemented using Matlab programming software: 
3.1.1 Matrix Calculus Analysis 
From (1.2) :Analyzing the rate of change on Dangote Cement stock prices when the trend function is Linear function

	 
Here is suitable for long-term investors seeking stable returns.Investors can expect constant growth or decline, allowing them to plan their investments accordingly.
From (1.4): Analyzing the rate of change on Dangote Cement stock prices when the trend function is  Quadratic function

                                                                
In this, investors should be cautious, as quadratic trend can be volatile . If the trend is upward investors may consider investigating for potential high returns. However, if the the trend is downward, it may be wise to reassess investment strategies.
From (1.6): Analyzing the rate of change on Dangote Cement stock prices when the trend function is Cubic function

                                                                
Dangote Cement should closely monitor the trend, as cubic trends can be unpredictable. This trend may require more frequent portfolio rebalancing to capitalize on growth opportunities or mitigate loses.
from (1.8): Analyzing the rate of change on Dangote Cement stock prices when the trend function is Seasonal function.

                                                 
This scenario tells Dangote Cement can capitalize on seasonal trends by buying during low periods and selling during high periods. This trend requires a more tactical investment approach, taking advantage of predictable patterns.
From (1.10) :Analyzing the rate of change on Dangote Cement stock prices when is exponential function.

                                        
This trend function tell Dangote Cement to be cautious, as exponential trend is upward, investors may consider investing for potential high returns, but be prepared for potential corrections. If the trend is downward, it may be wise to limit exposure to the stocks.
from(1.11): Effects of inflation parameters to study the rate of change on relative amount of each Cement according to sales when the trend function is linear:

                                             

                                                                  
In a matrix with linear stock price elements, inflation increases linearly with inflation maintaining their relative relationships.
From (1.12) Effects of inflation parameters to study the rate of change on relative amount of each Cement according to sales when the trend function is quadratic :

                           

                                                        
The above value of Cement represents the inflation-adjusted sales volumes or revenues for different types of Cement or regions. The differences in values of Cement indicate varying levels of demand, pricing power, or market conditions across these segments. Stock prices grow at an increasing or decreasing rate as inflation rises. The impact of inflation on stock prices changes direction or magnitude at certain points.
From (1.13) Effects of inflation parameters to study the rate of change on relative amount of each Cement according to sales when the trend function is cubic:

                         

                                                                                   
The values are higher the previous ones, indicating a possible increase in sales volumes or revenues.The quadratic trend suggest accelerating growth or decline, which could be driven by various factors such as increasing demand for cement in certain regions or segments, pricing strategies or cost management initiatives and changes in market condition or competition.
Inflation amplifies the non-linear effects of the cubic relationship, leading to more pronounced changes in stock prices. More so, inflation shift the inflection points of the cubic relationship, altering the points at which the growth rate changes.
From (1.14) Effects of inflation parameters to study the rate of change on relative amount of each Cement according to sales when the trend function is seasonal:

                          

                                                 
The values show significant variability with both positive and negative numbers, indicating a strong seasonal component. The presence of negative values suggests that Dangote Cement sales may be negatively impacted during certain periods of the year .The seasonal trend could be driven by factors such as :weather condition( eg rainy season, dry season), holiday periods or festive seasons, changes in government policies or regulations and fluctuations in demand due to agricultural or construction cycles. Stock prices and inflation exhibit periodic fluctuations due to seasonal changes in demand, supply or economic activity; like holidays and special events can impact stock prices and inflation, particularly if they affect consumer behavior or supply chains.
From (1.15) Effects of inflation parameters to study the rate of change on relative amount of each Cement according to sales when the trend function is exponential trend:




                                                     

The values show rapid growth, with the first value (759.2705) being significantly higher than others. The exponential trend suggests that Dangote’s Cement sales are growing at an accelerating rate. This trend could be driven by factors such as : rapidly increasing demand for Cement in certain regions or segments, effective pricing strategies or cost management initiatives and strong market position or competitive advantage.	 
Inflation leads to higher growth rates in stock prices, particularly if companies can pass an increased cost to consumers. On the other hand, high inflation leads to decreased growth rates in stock prices, particularly if companies struggle to maintain profitability in an inflationary environment. 

From (1.17) The Cost functions  in naira of getting raw materials for production of Cement when the Rate of Change is linear trend: 


                                                               
The results above showed different locations of four key marketers of Dangote Cement; different locations have varying transportation cost, affecting the total cost when it follows linear trend. Locations with logistical challenges, such as remote area or difficult terrain, might have higher total costs as seen.

From (1.18) The Cost functions  in naira of getting raw materials for production of Cement when the Rate of Change is quadratic trend: 


                           
The total cost of Dangote Cement to four key marketers in different locations exhibits a quadratic trend; this is as a result of rate of change over time. This results also connotes  that the relationship between the total cost and location is non-linear by analyzing the quadratic trend in total costs Dangote Cement can make more informed decisions to optimize its operations and improve profitability.

From (1.13) The Cost functions  in naira of getting raw materials for production of Cement when the Rate of Change is cubic trend: 

                         
As can be seen the total cost of Dangote Cement to four key markers in different locations exhibits a cubic trend, it implies that the relationship between the total cost and location is even more complex and non-linear. 

From (1.14) The Cost functions  in naira of getting raw materials for production of Cement when the Rate of Change is seasonal trend: 

                  
As can be seen the total cost of Dangote Cement to four key markers in different locations exhibits a seasonal variations, it implies that the total cost fluctuates periodically due to seasonal changes in demand, supply or other factors. 

From (1.15) The Cost functions  in naira of getting raw materials for production of Cement when the Rate of Change is exponential trend: 


As can be seen the total cost of Dangote Cement to four key markers in different locations exhibits an exponential trend,  it implies that the total cost grows at an increasing rate over time, with the rate of growth accelerating.
3.1.2 Analysis of stock prices in Measurable Spaces

let’s consider a  matrix with elements that can be related to measurable spaces.

 
· 
Measurable Space: let’s define measurable space ,where 
i) 

ii) 


  algebra generated by sets of the form where  is a real number.
Relating matrix elements to measurable space. We can relate the matrix elements to the measurable space by defining events and measurable functions.
Example 1.


(i)  

(ii)  

(iii) Measurable function 
Let’s calculate as follows
· 
The probability that stock price exceeds fifteen naira: 

This means that there is a  chance that the stock price will exceed fifteen naira.
· 

The probability of price change less than :.


This means that there is  that the price change will be less than .This scenario can help Dangote Cement manage their risk exposure. If they are holding a large position in the stock market, they can use this probability to access the potential risks and adjust their strategy accordingly.
· 
Expected value of stock price: 
· Conditional Probability: let’s consider the following events:
Example 2


(i)  

(ii)  
we can calculate the conditional probability as follows:
· 
 
· 
 
· 
 




The conditional probability  means that given the stock price is greater than  there is a  chance that will exceed  
4.1 Conclusion
Market price of stock is the most recent price at which the stock was traded. It is the result of traders, investors and dealers interacting with each other in a market. Nevertheless, we use the form of matrix calculus to present initial stock prices of Dangote Cement, PLC in order to note different uses of matrix algebra in analyzing stock market prices. The problem were formulated and proved through illustrative cases such as: to presents the rate of change of the matrix for different trend functions such as: linear, quadratic, cubic, seasonal and exponential trends. In the sequel, inflation parameters were used to study the rate of change of relative amount of each cement according to sales, the total cost of cement to four key marketers to different locations which gave lots of significant changes in terms of decision making. To this end, measurable spaces were adopted to show that stock prices are measurable and gave clear insight to Dangote and other corporate investors about investment plans. Studying vector valued differential equation and matrix with stochastic terms will be an interesting study. 
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