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Effects of Matrix Calculus with Stochastic variable and Measurable Spaces for Capital Markets 

Abstract
This paper considered the problem of matrix differential calculus with stochastic term and measurable spaces for investment plans. In particular, the uses of stochastic matrix calculus to Dangote Cement stock market prices were considered. The mathematical formulations of the problem were developed through illustrative cases namely: to established the rate of change of the stochastic matrix understudy for different trend functions such as: stochastic linear, stochastic quadratic, stochastic cubic, stochastic seasonal and stochastic exponential trends which are informative to any corporate investors. From the stochastic analysis of the problem, inflation parameters were used to examine the rate of change of relative amount of independent cement according to sales, the total cost of cement to four significant marketers to diverse localities with respect to different trend functions and their associative random fluctuations. Therefore, understanding the characteristics of each trend functions; investors can develop strategies to navigate the complexities of Dangote Cement’s stock price dynamics. Finally, we related the stock price matrix elements to the measurable spaces by defining events and measurable functions which different examples were given accordingly.
Keywords: Stock prices, Investors, Stochastic Matrix Calculus, Dangote and Measurable spaces. 
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1.1 Introduction
In mathematics, the use of matrix algebra cannot be relegated due to its numerous applications; matrix calculus with stochastic terms and measurable spaces are used to model and manage financial risk, including portfolio optimization and hedging strategies. However, this framework provides a more accurate and nuanced understanding of complex financial systems and capital markets. So incorporating stochastic terms and measurable spaces, financial models can better capture and manage financial risk. More so, matrix calculus with stochastic terms and measurable spaces can provide valuable insight for investors, enabling them to make more informed decisions. In general, matrix calculus with stochastic terms and measurable spaces is a powerful tool for understanding and analyzing complex financial systems and capital markets, providing a rigorous and flexible framework for modeling and managing financial risks. According to [1] the topic of 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.
Nevertheless, lots of authors has written extensively on stock prices,[2] examined a matrix application to Dangote stock market prices where an illustrative case is provided in different forms.  In the work of [3] studied 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 importance on differences of drift parameter for stock market. In the same vain, [5] considered the stochastic analysis of two asset values. Due to the unstable nature of stock prices [6] looked at the stability and controllability for stock market prices with control. [7] investigated the applications of various stochastic volatility models in determining optimal investment strategies in the stock market. So far, [8] studied stochastic model of the fluctuation of stock market price. Many authors have extensively addressed the issues of stock prices such as [21 – 26].
More so, the aim of this paper is to develop empirical approach of investigating the effects of stochastic matrix differential calculus and measurable spaces for capital market plans. It obvious that investors are indeed affected in their major decisions due to expected returns, [3]This encouraged the writers of this paper to come up with vital and good approaches that can stand to make informed decisions. We have developed our practical approaches using five illustrative cases of finding the rate of change when the stock price trend is linear, quadratic, cubic , seasonal and exponential all with stochastic terms. Also we applied measurable spaces on stock prices in order for Dangote Cement management take vital decisions. The advantage of this present paper over [2] is that this paper models with the application of stochastic matrix differential calculus with measurable spaces which have not been seen elsewhere. Our novel idea compliments the work of [2] and widens the applicability of problem of this nature.
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 form the basis of this study as follows.
Definition 1 Stochastic matrix Differential Calculus: This is a branch of mathematics that deals with the study of rates of change of matrix-valued stochastic processes. 
Definition 2 Derivative of a matrix: The derivative of a matrix-valued function with respect to a scalar or another matrix.
Definition 3 Stochastic matrix Differential Equations:  This is an equations that described the dynamics of  matrix-valued stochastic processes.
Definition 4 Ito’s lemma for matrices: A formula for the differential of a  matrix-valued stochastic processes.
Definition 5 Stochastic Calculus for optimization: This is using stochastic matrix calculus to optimize functions involving matrices in the presences of uncertainty.
Definition 6 Matrix-Valued Brownian Motion:  A stochastic process that model random fluctuation in matrix-valued systems.
Definition 7 Matrix-Valued Ornstein-Uhlenbeck process: A stochastic process that models mean-reverting behavior in matrix-valued systems.
2.1.1 Problem Formulation

Here, we use the form of matrix  with stochastic terms to present initial stock prices of Dangote Cement, PLC in edict to diverse usages of matrix algebra in analyzing stock market prices namely : to presents the rate of change of the stochastic matrix  for different trend functions such as : linear with stochastic terms, quadratic with stochastic terms, cubic seasonal variations with stochastic terms and exponential with stochastic terms, the stochastic 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  dynamics are shown as follows:

Case 1:Here we look at investment plans of Dangote Cement,PLC,where dividends will not have been declared and no new assets have been purchased then stock return follows a particular processes,[2] and  [8] .let’s consider the stochastic rate of change of the matrix with respect to time  for different types of  trend functions.

Example 1 : Linear Rate of Change with stochastic terms. 

	 	(1.1)
The derivative of (1.1) gives the following stock matrix:

	 	(1.2)

Example 2 Quadratic Rate of Change with stochastic terms. 


                                   	(1.3)
The derivative of (1.3) gives the following stock matrix:


                               	(1.4)
 Example 3 Cubic Rate of Change with stochastic terms.


                                  	(1.5)
The derivative of (1.5) gives the following stock matrix:


                               	(1.6)
Example 4 Seasonal Variations with stochastic terms: 

                     	(1.7)
The derivative of (1.7) gives the following stock matrix:


	 	(1.8)

Example 5 :Exponential Rate of Change with stochastic terms.


                                                     	(1.9)
The derivative of (1.9) gives the following stock matrix:


	 	(1.10)
Here, investors or Dangote Cement need to be flexible and adapt their strategies to respond to changing market conditions. Therefore, understanding the rate of change in stochastic trends, investors can develop strategies to navigate the complexities and uncertainties of time-varying investments.





Case 2:  let  which is solution of the given system by away of row matrix, [2]. Also let  denotes the relative amount of each cement agreeing to sales for Dangote during the period of trading. In view of the stochastic 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 with stochastic terms: 

	

	 	(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 with stochastic terms: 


                               	(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  with stochastic terms: 

                                

                               	(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  with stochastic terms: 
                              

	 	(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 with stochastic terms: 


	 	(1.15)

Case 3:  Let  denotes the  Cost function in naira of getting raw material for production of Cement is as follows:

	 	(1.16)


 Following the method of [2], 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 with stochastic terms: 


	 	(1.17)

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


                  	(1.18)

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

                                      	(1.19)

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

                                 	

	 	(1.20)


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


	 	(1.21)
2.2 Measurable spaces
Here we give few definitions under which this study lies
Definition 9: 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 10: 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 11: Let [image: ] be a measurable space .A map [image: ] is called a measure provided that
(i)	[image: ]	(1.25)
(ii)	[image: ]	(1.26)

Definition 12: 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 13: Conditional probability. If  then the conditional probability that  occurred given that  occurs is defined to be

	 	(1.30)
The above can be found in [16].		
 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 Stochastic Matrix Calculus Analysis 
from(1.4) :Analyzing the rate of change on Dangote Cement stock prices when the trend line  is Stochastic Linear function.

                             
This scenario warrants Dangote Cement still expect overall growth or decline but should be prepared for random fluctuations. A long-term investment approach with diversification can help ride out the volatility.
From (1.6): Analyzing the rate of change on Dangote Cement stock prices when the trend line  is Stochastic Quadratic function.

    
This situation informs Dangote Cement to be cautious due to the volatility and unpredictability. Diversification and regular portfolio rebalancing can help mitigate risks.

from(1.8): Analyzing the rate of change on Dangote Cement stock prices when the trend line  is Stochastic Cubic function.           The above is informative in the sense that it tells Dangote Cement to closely monitor the trend and be prepared for sudden changes. Diversification, regular portfolio rebalancing, and a flexible investment strategies can help navigate the uncertainty.
from(1.10): Analyzing the rate of change on Dangote Cement stock prices when the trend line  is Stochastic Seasonal function.

                                                        
Here, tells Dangote Cement to still capitalize on seasonal trends but should be prepared for deviations from the expected pattern. A tactical investment approach with flexibility can help adapt to the uncertainty.
From (1.10): Analyzing the rate of change on Dangote Cement stock prices when the trend line  is Stochastic exponential function


The above stock prices inform Dangote Cement to extremely cautious due to the high volatility and potential for rapid changes. Diversification, regular portfolio rebalancing, and a well-defined risk management strategy are crucial.
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 with stochastic terms:

=(281.6475.4875119.9550115.8550)

The stochastic terms in the matrix would represent random fluctuations around a steady growth or decline trend in Dangote Cement stock price. In this circumstances, the trend would still be linear but with inflation-adjusted parameters. Investors would need to consider the impact of inflation on the steady trend and random fluctuations. 
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 with stochastic terms: 

                              


                                            
The stochastic terms in the matrix would represent random fluctuations around an accelerating or decelerating trend in Dangote Cement stock price. The trend would still be quadratic, but with inflation-adjusted parameters. Investors would need to consider the impact of inflation on the potential inflection points and random fluctuations.
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 with stochastic terms:



                                          
The stochastic terms in the matrix would represent random fluctuations around a complex, non-linear trend in Dangote Cement stock price. The inflation parameters would still be cubic trend, potentially affecting the complex non-linear dynamics of Dangote Cement stock price.
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 with stochastic terms:



                                
The stochastic terms in the matrix would represent random fluctuations around a periodic , seasonal trend  in Dangote Cement stock price. The inflation parameters would scale the stochastic seasonal trend, potentially affecting the periodic patterns in Dangote Cement’s stock price. 
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 with stochastic terms:



                                  
The stochastic terms in the matrix would represent random fluctuations around a rapidly growing or declining trend in Dangote Cement stock price. The inflation parameters would amplify or declining trend , potentially increasing or decreasing the magnitude of the random fluctuations.
In general, the inflation parameters would add an additional layer of complexity to the trends, requiring investors to carefully consider the impact of inflation on their investment decisions. By understanding the characteristics of each trend, investors can develop strategies to navigate the complexities of Dangote Cement’s stock price dynamics. 

From (1.17):The Cost function  in naira of getting raw materials for production of Cement when the Rate of Change is Linear with stochastic terms: 


	 	
Here, the total cost of Cement to four different locations follows a steady growth or decline trend, with stochastic terms representing random fluctuation Dangote Cement can plan its investment strategies based on the steady trend, while considering the random fluctuations to manage risk.

From(1.18) :The Cost function  in naira of getting raw materials for production of Cement when the Rate of Change is Quadratic  with stochastic terms: 


                                            Here, the total cost of Cement to four different locations follows an accelerating or decelerating trend, with stochastic terms representing random fluctuation. Dangote Cement needs to consider the potential inflection points in the trend and adjust its investment strategies according, while managing risk associated with random fluctuations.	

From(1.19) :The Cost function  in naira of getting raw materials for production of Cement when the Rate of Change is  Cubic with stochastic terms: 

                              

                                                  
In this scenario, the total cost of Cement to four different locations follows a complex, non-linear trend, with stochastic terms representing random fluctuation. Dangote Cement needs to consider the multiple inflection points and changes in trend direction, while managing risk associated with random  fluctuations to make informed investment decisions.	

From (1.20): The Cost function  in naira of getting raw materials for production of Cement when the Rate of Change is Seasonal with stochastic terms: 

                                 	

	 	
In these circumstances, the total cost of Cement to four different locations follows a periodic, seasonal trend, with stochastic terms representing random fluctuations. Dangote Cement can identify opportunities to optimize its investment strategies based on seasonal patterns, while managing risk associated with random  fluctuations .

From(1.21): The Cost function  in naira of getting raw materials for production of Cement when the Rate of Change is Exponential with stochastic terms: 


	 	
In this scenario, the total cost of Cement to four different locations follows a rapidly growing or declining trend, with stochastic terms representing random fluctuation. Dangote Cement needs to consider potential for rapid growth or decline and adjust its investment strategies accordingly, while managing risk associated with random fluctuations to make informed investment decisions. By understanding the stochastic matrix and trend functions, Dangote Cement can make informed investment decisions and optimize its operations to achieve its business objectives.
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
Investments are ventures associated with risk which cannot be avoided on our human daily lives; and day-to-day activities are associated with risk. So this provides investor a mathematical framework for investment decisions. In this paper the problem of matrix differential calculus with stochastic term and measurable spaces for investment plans were considered. The uses of stochastic matrix calculus to Dangote Cement stock market prices were effectively examined. The mathematical formulations of the problem were developed through illustrative cases namely: to established the rate of change of the stochastic matrix understudy for different trend functions such as: stochastic linear, stochastic quadratic, stochastic cubic, stochastic seasonal and stochastic exponential trends which are informative to any corporate investors. From the stochastic analysis of the problem, inflation parameters were used to examine the rate of change of relative amount of independent cement according to sales, the total cost of cement to four significant marketers to diverse localities with respect to different trend functions and their associative random fluctuations. Therefore, understanding the characteristics of each trend functions; investors can develop strategies to navigate the complexities of Dangote Cement’s stock price dynamics. Finally, we related the stock price matrix elements to the measurable spaces by defining events and measurable functions which different examples were given accordingly. In the next paper taking the rate of change of a three step transition probability matrix will be an area of interesting study.
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