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Abstract

Price of stock market is volatile. This leads to the difficulty
to find the growth rate of stock price in the market. Here, we
collected prices of three stocks viz., Bandhan Bank,
Vodafone-ldea and GMR Airport for a period of 28 days
right from 3 April 2023 to 11 May 2023. First, we prepare a
mathematical model on this data and check the stability of
the model. Then we develop a data-driven second-degree

parabola model on this data and verified the goodness of fit
of the model. A drift-diffusion model is fitted on the
collected data and the same is compared with the data
obtained from the fitted model by using a Lorenz curve.
Price of Bandhan Bank shows most deviation whereas the
other two prices are almost similar. The price of Vodafone
Idea is most consistent.
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Introduction

As of today, Bandhan Bank has 39.99%, VVodafone-ldea has 10.91% and GMR Airport has 59% shareholding as promoters in
the capital market of India.

A stock market is a venue where buyers and sellers can exchange stocks and other types of assets. On this stock market, shares
of publicly traded companies can be bought and sold . Companies issue shares or stocks on the stock market to raise capital
for a range of purposes, including business expansion, funding brand-new projects, or debt repayment. After then, anyone can
purchase these shares. Investors can buy and sell these shares both individually and collectively on the stock market. Through
the stock market, investors can take part in the ownership and potential profits of publicly traded enterprises. Investors that buy
stock in a corporation are known as shareholders or stockholders and hold a stake in the business. Shareholders may profit
from the company's performance through capital appreciation (an increase in the value of the stock) and dividends (a
distribution of a portion of the company's revenues to shareholders).

Stock markets have a big impact on the economy because they make it easier for investors and companies to transfer money.
Investors can put their money in them with the chance of earning returns, and businesses can utilise them to get financing for
growth and expansion. The stock market also serves as a barometer of the state of the economy because the performance of
stock indices is commonly used as a reflection of overall market sentiment and economic circumstances. Stock markets are
managed by exchanges, which are centralised trading platforms. Several well-known stock exchanges are the New York Stock
Exchange (NYSE), the London Stock Exchange (LSE), and the Tokyo Stock Exchange (TSE). Traditional exchanges,
electronic trading platforms, and alternative trading techniques all help to make stock trading easier.

Bandhan Bank

A well-known private sector bank in India is called Bandhan Bank. It was established in 2014, and Kolkata, West Bengal,
serves as its headquarters. Bandhan Bank's main focus is on providing banking and financial services to underserved and
unbanked segments of society, such as low-income individuals, micro and small companies, and self-help organisations. The
bank's initial customer was a microfinance organisation (MF1) called Bandhan Financial Services Limited in 2001 . As a non-
banking financial institution (NBFI), it provided microloans to support women's economic independence and fight poverty.
The company eventually obtained a banking licence from the Reserve Bank of India (RBI) in 2014, and as a result of the
gradual growth of its operations, it changed its name to Bandhan Bank. Bandhan Bank offers a wide range of banking services
to its clients, including savings and current accounts, fixed deposits, loans (including microfinance loans), debit and credit
cards, insurance products, and other financial services. The bank can operate thanks to a network of ATMs and branches
scattered throughout numerous Indian states. In addition to extending its business beyond microfinance, Bandhan Bank
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recently diversified its lending portfolio to include small business loans, affordable housing loans, personal loans, and other
retail banking products. The bank has expanded tremendously since its inception and has become a dominant force in India's
financial sector.

Vodafone-ldea

Vodafone Idea Limited, often known as Vodafone Idea or Vi, is one of the major telecom companies in India. It is a
collaboration between the British multinational telecoms company Vodafone Group Plc and the Indian behemoth Aditya Birla
Group B,

Vodafone India and Idea Cellular merged to form Vodafone Idea in August 2018. The merger aimed to create a stronger
organisation in the fiercely competitive Indian telecom industry. The company operates in all 22 telecom circles in India and
provides a broad range of services, including mobile phone, wireless internet, and enterprise solutions. Customers of Vodafone
Idea can choose between prepaid and post-paid mobile services. It provides voice and data services, value-added services, and
a range of price alternatives to cater to various customer segments. The company has a huge customer base and competes with
other significant Indian telecom carriers. Like other cellular firms, VVodafone ldea has faced challenges and severe competition
in the Indian telecom industry. The industry has experienced substantial changes and disruptions due to the entry of new
competitors, changes in legislation, and pricing wars. The sales and profitability of telecom providers have been under pressure
as a result of these factors.

GMR Airport

GMR Airport is a reference to the GMR Group's involvement in the airport sector. The infrastructure firm GMR Group, which
has its corporate headquarters in India &, represents a wide range of industries, including airports, energy, transportation, and
urban infrastructure . The GMR Group holds a significant amount of market share in the airport sector through its subsidiary,
GMR Airports Limited. The company specialised in building, running, and managing airports. The modernization and
expansion of airport infrastructure have been considerably aided by the efforts of GMR Airports on numerous airport projects
in India and abroad. The GMR Group has experience in building and managing airports, including passenger terminals,
runways, airside and landside infrastructure, retail and commercial areas and other airport facilities. The company is dedicated
to offering smooth, customer-focused airport services while upholding the highest standards of effectiveness, security, and
safety worldwide.

Bae et al. provide a mathematical model for stock market volatility flocking is presented here. In our suggested model, Cucker-
Smale (C-S) flocking and regime switching mechanisms are combined with geometric Brownian movements with time-
varying volatilities. They show that the common volatility emerges asymptotically and describe its financial applications for
all-to-all interactions where we assume that all assets' volatilities are tied to each other with a constant interaction weight. They
also offer a number of numerical simulations and contrast them with earlier analytical findings .

In the study Amadi et al.[é], the Mean Square Error (MSE) was used as a selection criterion to compare several approaches for
estimating the Weibull distribution's parameters. Other methods couldn't compare to The Method of Moments. In the same
situation, the estimated findings were logically expanded to construct a matrix by investigating the characteristics of the
fundamental matrix solution, where we were able to anticipate stock prices and asset returns for a 12-month period. Finally, a
theorem derived from the fundamental matrix system was demonstrated to show various levels of changes that affect the stock
market in the short- and long-term, respectively.

M. Alisen and H. Merdan use a new excess demand function established by Caginalp for a market including more information
on demand and supply for a stock than their values at a particular price, a system of ordinary differential equations is derived
and used to study asset price movements. In addition to investment methods that are based on both price momentum (trend)
and valuation considerations, derivation is based on the finiteness of assets (rather than assuming unbounded arbitrage).
Numerical simulations are used to compare the time evolutions of asset prices for this novel model and the earlier models that
Caginalp and Balenovich retrieved using the traditional excess demand function "1,

Caginalp and Ermentrout, G.B. propose a model that has been put forth to describe the distinctive and psychological features
of financial markets in a pure setting is numerically computed. These computations show overreactions, volatility, and
convergence to actual values. One can get a spectrum of patterns, from efficient to chaotic markets, by adjusting parameters
related to either emotional or intellectual incentives (€,

Caginalp and Ermentrout, G.B. arrive to a set of equations that serve as a straightforward representation of investor behaviour
in a hypothetical financial market. The model takes into account the emotional component of investor sentiment as well as the
exponentially decaying recall of past price movements. According to this hypothesis, the body of investors will buy when
prices have recently increased and sell when prices have recently decreased. With the potential for some inertia in taking
action, the rational reasons are centred on capitalising on the discrepancy between the price and intrinsic value. Fluctuations
and instability are based on these two antagonistic effects I,

Materials and methods

Materials

To access a mathematical overview of the volatility of the stock market prices of the three stocks, we have collected the
closing prices for a period of 28 days from 3 April 2023 to 11 May 2023. These prices are visualized in Fig 1, Fig 2 and Fig 3
respectively for Bandhan Bank, VVodafone-ldea and GMR Airport.
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Fig 2: Closing price of Vodafone-ldea
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Fig 3: Closing Price of GMR Airport

Methods

The methods incorporated here are:
Mathematical modelling
Data-driven model

Goodness of fit

Drift-diffusion model

Lorenz curve

grwNbE

Mathematical Model
The mathematical model % incoroporated here is:

— = ax;— B
dr 1
dxn
ar 2 Y
dx
— =cx;— &
dt
Where:

a is rate of change of price of Bandhan Bank per unit time
b is rate of change of price of VVodafone idea per unit time
c is rate of change of price of GMR Airport per unit time
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0, v and 9 are constant deduction of prices of Bandhan Bank, Vodafone idea and GMR Airport.
%1 (t) is the state variable of closing price of Bandhan Bank

Xo(t) is the state variable of closing price of Vodafone-ldea

x3(t) is the state variable of closing price of GMR Airport

Data-Driven Model

Using the Data Driven Modelling technique, the configurator model components are dynamically fed into the model based on
data gathered from other systems such as catalogue systems, Customer Relationship Management (CRM), Watson, and others.
Here, a second degree parabola is configured out from the data collected in the study 12,

Goodness of fit
Using the observed data and the data expected from the data-driven model are tested fro goodness of fit with help of Chi-
square test 2,

Drift-Diffusion Model
To study the volatility of the prices, a drift-diffusion model [** from the concept of Brownian motion is typically adopted as:

d5(t) = uS(tddt + o5(t)dW(t) (2)

Here, S(t) represents the price of the variable at time t, p represents the drift rate, o represents the volatility, dt represents an
infinitesimal time increment, and dW/(t) represents a Wiener process (Brownian motion) increment.

Lorenz Curve
Using the observed data and the expected data obtained from Data Driven Modelling technique, Lorenz curve 14 is drwan to
see the deviations of observed and the expected data.

Coefficient of Variation
To understand the consistency of the price in both observed and the expected environment, the coefficient of variation(C.V.)
(131 js implemented as:

Volatilityrate 0
C.V. = Driftrate * 100%

Results and Discussion

Positivity

Solving the differential equations of system (1), we get *1 (t), ¥z (t), X3 (1), >0

Equilibrium Point
Equating the equations of the system (1), we get

By &
The equilibrium point as: EGC-2 2

[~}

Local Stability
Jacobian of system (1) is

aI| al’: .3.1‘3

dxy dx; dxy a 0 0

f 8h Ak 0 B 0
J= dxy dx; dx3' = 0 0 ¢

Now,
”—Mlzo
a—4 0 0
0 h—4 0
= 0 0 c—Al=0
=\l=a,b,c

Hence, the model is locally stable under the condition a, b, c < 0.
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Global Stability

Let us assume a Lyapunov function
L =, 1 ., L 2 )
W) = - w,xf + - wax3 + - wyxi where, w,, w, and w; are non — negative numbers

Now,
dr AL dxy 8L dx, AL duy

de =9x, ,?+ dx; ,?+ dx; dr

=Wi¥1(a¥1-9) + WaTz(b¥z—y) + WaTi(c¥2- )
g g LA A £ £
=W, (ac—0)+w! b (be —yp) + Wi, (cc —9)
=0
The model is therefore globally unstable at the equilibrium point.

Data-Driven Model

Assuming a second-degree polynomial we fit the data for the closing price of Bandhan bank, VVodafone idea and GMR Airport
in Matlab 2016a. The fitted data driven model are:
Second degree polynomial for closing price of Bandhan Bank is

y(XL) = C]_XE +B.X A

Coefficients (with 95% confidence bounds):
C1 = 0.04552 (0.0266, 0.06444),
Bi=.0.2794 (-0.8082, 0.2493),

A1 = 206.5 (203.4, 209.6)

The second-degree polynomial for closing price of Vodafone Idea is:
y(*2) = C. X5 4 BaXa 4 A

Coefficients (with 95% confidence bounds):
C2= 0.003085 (0.002252, 0.003919),
B: = .0.065 (-0.08991, -0.0401),
Az = 6.403 (6.247, 6.56)

The second-degree polynomial for closing price of GMR Airport is:
y(}(’g) = Cng: + Bg}.’! + rl.lg

Coefficients (with 95% confidence bounds):
€2 = 0.003217 (0.001723, 0.004712),
Ba1= .0.02178 (-0.06643, 0.02288),

A2z 4371 (43.43, 43.99)

Goodness of Fit
Applying Chi-square test of goodness of fit in Matlab 2016a, we have h = 0 for each of the curves. This shows that the Chi-
square tests supports the goodness of fit of the data-driven model.

Drift-Diffusion Model

For observed closing price of:

Bandhan Bank: Drift rate (i) = 0.0043, Volatility rate = 0.009358.
ii) Vodafone Idea: Drift rate (1) = 0.0097, Volatility rate = 0.016257
iii) GMR Airport: Drift rate (1) = 0.0018, Volatility rate = 0.005192

1066


http://www.multiresearchjournal.com/

International Journal of Advanced Multidisciplinary Research and Studies

106

98

96

94

Bandhan bank price

?

123 4567 8 9101112131415161718192021222324252627128

Fig 4: Bandhan Bank (O)

VI Price

%

1 23 456 7 8 91011121314151617181920212223 24252627

Fig 5: Vodafone-ldea (O)

101.5

101

100.5

100

99.5

99

98.5

98

97.5

GMR Airport Price

3

123 4567 8 9101112131415161718192021222324252627

For expected closing price of

Fig 6: GMR Airport (O)

1. Bandhan Bank: Drift rate (1) = 0.00778, Volatility rate = 0.016804.
2. Vodafone Idea: Drift rate (1) = 0.00008949, Volatility rate = 0.00038314
3. GMR Airport: Drift rate () = 0.000447, Volatility rate = 0.001263
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Lorenz Curve
The deviations of the various observed growth rates of the prices vs expected growth prices extracted out of the data-driven
model are studied with the Lorenz curve and these are depicted in the following figures.

Lorenz curve of O vs E closing price of Bandhan
Bank
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Fig10: Bandhan Bank (O vs E)
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Fig 11: Vodafone-Idea (O vs E)
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Fig 10 shows that the observed growth rate of the prices of Bandhan Bank is nearing to the line of equality, whereas Fig 11 and
Fig 12 show that observed and expected growth rates of Vodafone-Idea and GMR Airport are similar in nature.

Comparison of consistency:

= C.V.(Bandhan Bank) = 219.66%; C.V.(VI) =166.79%; C.V.(GMR Airport) =286.20%;

= C.V.(E-Bandhan Bank) = 215.99%; C.V.(E-VI) = 428.11%; C.V.(E-GMR Airport) = 282.69%.

It is found that during the period of data collection, the closing price of Vodafone Idea is most consistent whereas the closing
price of GMR Airport is most deviated. From the C.V of the expected closing prices of Bandhan bank, VVodafone Idea and
GMR Airport, it is found that during the period of data collection, the closing price of Bandhan Bank is most consistent
whereas the closing price of Vodafone Idea is most deviated.

Conclusions
In this study, we tried to compare the volatility of stock market prices of three companies. Here, we collected prices of three
stocks viz., Bandhan Bank, Vodafone-lIdea and GMR Airport for a period of 28 days right from 3 April 2023 to 11 May 2023.

First, we prepared a mathematical model on this data and check the stability of the model. Positivity of the model is checked.
6y

Equilibrium point is: E(a’b’ ¢). The model is found locally stable under the condition a, b, ¢ < 0. This model is globally
unstable. A data-driven model is sought and a second-degree polynomial for each of the prices are derived. Data-driven model
is:

y (¥1) = 0.04552 X ~0.2794X, 4 505 5

y (¥z) = 0.003085 X7 —0.065%; 4 5 403
v (fa) = 0.003217 XF —0.02178%; | 4371

Chi-square test conducted reflects the goodness of fit of each of the data-driven model. A drift-diffusion model is fitted on the
collected data and the same is compared with the data obtained from the fitted model by using a Lorenz curve. Price of
Bandhan Bank shows most deviation whereas the other two prices are almost similar. The price of VVodafone Idea is most
consistent

Conflict of Interest: None.
Source of Funding: Self.

References

1. Hamilton WP. The stock market barometer. Wiley, 1998. Accessed: Jun. 12, 2023. [Online]. Available:
http://archive.org/details/stockmarketbarom00hami_1

2. Bandhan Bank. Wikipedia, May 23, 2023. Accessed: Jun. 12, 2023. [Online]. Available:
https://en.wikipedia.org/w/index.php?title=Bandhan_Bank&oldid=1156534674

3. Vodafone Idea. Wikipedia, Jun 11, 2023. Accessed: Jun. 12, 2023. [Online]. Available:
https://en.wikipedia.org/w/index.php?title=VVodafone_ldea&oldid=1159642242

4. GMR Group-Airports | World’s Best Airports | GMR Airports. https://www.gmrgroup.in/airports/?prophazecheck=1
(accessed Jun. 12, 2023).

5. Bae HO, Ha SY, Kim Y, Lee SH, Lim H, Yoo J. A mathematical model for volatility flocking with a regime switching
mechanism in a stock market, Math. Models Methods Appl. Sci. 2015; 25(7):1299-1335. Doi:
10.1142/50218202515500335

6. Uchenna Innocent A, Omezurike WG. A Mathematical Model Analysis for Estimating Stock Market Price Changes,
IJASMT. 2022; 8(2):38-50. Doi: 10.56201/ijasmt.v8.n02.2022.pg38.50

1069


http://www.multiresearchjournal.com/

International Journal of Advanced Multidisciplinary Research and Studies www.multiresearchjournal.com

7.

8.

9.

10.

11.

12.

13.
14.

15.

Merdan H, Alisen M. A mathematical model for asset pricing, Applied Mathematics and Computation. 2011;
218(4):1449-1456. Doi: 10.1016/j.amc.2011.06.028

Caginalp G, Ermentrout GB. Numerical studies of differential equations related to theoretical financial markets, Applied
Mathematics Letters. 1991; 4(1):35-38. Doi: 10.1016/0893-9659(91)90118-F

Caginalp G, Ermentrout GB. A kinetic thermodynamics approach to the psychology of fluctuations in financial markets,
Applied Mathematics Letters. 1990; 3(4):17-19. Doi: 10.1016/0893-9659(90)90038-D

Kalita B, Devi A. Control Model of Transmission of Japanese Encephalitis through Media Awareness, International
Journal of Advanced Science and Technology. 2020; 29(5):p12.

IBM Documentation, May 11, 2023. https://www.ibm.com/docs/en/configurepricequote/10.0?topic=overview-data-
driven-modeling (accessed Jun. 25, 2023).

Turney S. Chi-Square Goodness of Fit Test | Formula, Guide & Examples, Scribbr, May 24, 2022.
https://www.scribbr.com/statistics/chi-square-goodness-of-fit/ (accessed Jun. 25, 2023).

Testing the drift-diffusion model | PNAS. https://www.pnas.org/doi/10.1073/pnas.2011446117 (accessed Jun. 25, 2023).
https://www.facebook.com/Investopedia, Lorenz Curve, Investopedia. https://www.investopedia.com/terms/l/lorenz-
curve.asp (accessed Jun. 25, 2023).

Coefficient of wvariation, Wikipedia, Jan. 9, 2023. Accessed: Jun. 25, 2023. [Online]. Auvailable:
https://en.wikipedia.org/w/index.php?title=Coefficient_of variation&oldid=1132549310

1070


http://www.multiresearchjournal.com/
https://www.facebook.com/Investopedia

