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Abstract

We have used the ODE 45 numerical scheme to investigate the investment options in the scenarios of different
interactions models of the stock exchange. Our comparative analysis showed that the first investor is more
vulnerable to a severe depletion of his dividends irrespective of the type of interaction whereas the dividends of
the second investor are similarly vulnerable to depletion only for the scenario of a mutualistic interaction, while
the same investor is associated with increase in accrued dividends for scenarios of competition and predation
interactions. Ironically, it was found that in the context of commensalism, the variation of growth rate value of
the first investor does not produce any change in the dividends of the second investor.
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I.  Introduction
A dynamical system such as the interaction between stock exchange investors can be described by
different business interaction models. In this work, we have done a comparative analysis of the different
interaction models that best explain the different investment options. These options are competition, mutualism,
predation and commensalism.

I1.  Model Formulation

Our model equations are typical of Lotka-Volterra formulation and have purely deterministic parameter
value (Lakka (2013), Levinson (2009), Tang and Zhang (2005), Khodabin and Shekarabi (2016), Sikder and
Roy (1994), Khamis et al (2011), Cajueior et al (2009), Nafo (2016), Modis (1999), Tsai (2015), Morris and
Pratt (2003). They comprise a system of continuous nonlinear first order ordinary differential equations. They
are given below with the following notations:
wi(t) is the dividend of the first of investor at time t
W, (t) is the dividend of the second of investor at time t
oy is the intrinsic growth rate of the dividend of the first of investor
o, is the intrinsic growth rate of the dividend of the second of investor
B is the intra-competition coefficient which is the inhibiting factor on the growth of the dividend of the first of
investor due to its interaction with itself.
B, is the intra-competition coefficient which is the inhibiting factor on the growth of the dividend of the second
of investor due to its interaction with itself.
1 is the inter-competition coefficient which is the inhibiting factor on the growth of the dividend of the first of
investor due to the interaction of the second investor.
v» is another inter-competition coefficient which is the inhibiting factor on the growth of the dividend of the
second investor to the interaction of the first investor.
w;(0) and w,(0) are the initial dividends of the first and second of investor respectively.
We thus have
1. Competition interaction (-, -) is
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dw  (t)
dt = Wl(t)(al - ﬂlwl (t) - }/1W2 (t)) (11)

dw , (t)

T: Wz(t)(az _ﬁzwz(t)_yzwl(t)) (12)

wi(0) > 0, wy(0) > 0
This type of interaction indicates that both investors are competing for survival on the limited resources
(Verhulst, 1990). Here, each investor directly or indirectly inhibit the growth of the other investor.

2. Mutualistic interaction (+, +)
The model for this interaction is
dw , (1)
dt = Wl(t)(al - ﬂlwl (t) + 71W2 (t)) (21)
dw , (t)
dt = Wz(t)(az _ﬁzwz(t)+7/zwl(t)) (22)

w1 (0) > 0, wy(0) > 0

In this type of interaction, both investors are benefiting from the operation of each other as they contribute
positively to each individual investor in the interaction (He and Gopulsamy, (1997) and May (1982). It is a type
of symbiotic interaction.

3. Predation (+, -)
The dynamics of this type of interaction is
dw | (t)
T = Wl(t)(al - ﬂlwl (t) + 71W2)(t) (31)
dw , (t)
dt = Wz(t)(az _ﬁzwz(t)_yzwl(t)) (32)

wy(0) > 0, wy(0) > 0
In this type, the first investor is benefiting at the expense of second investor in their interaction with each other.

4, Commensalism (+, 0)
This model, for commensalism, is given by
dw | (t)
dt = Wl(t)(al - ﬂlwl (t) + 71W2 (t)) (41)
dw , (t)
T: Wz(t)(az _ﬂzwz(t)) (42)

w1 (0) > 0, wy(0) > 0
In a commensalism type of interaction between two investors, in a stock exchange, one investor (the
commensal) benefits from the interaction while the other investor (the host) is unaffected.

Method of Analysis

We have applied a numerical scheme of ODE 45 to investigate our analysis of the comparison of the different
investment options in the stock exchange. This was done using the same initial investment values of 1.2 million
naira and 1.4 million naira for the first and second model, for the trading periods of 1 month, 40 months, 45
months, 50 months and 70 months.

Our results are presented and discussed below.

I, Results
Table 1.1: ODE 45 numerical calculation of the dividend of interacting investors with the initial

investment (1.2, 1.4) undergoing uncertain analysis: competition interaction with a; = 0.0037, trading
period interval = [1m, 40m, 50m, 55m, 60m, 65m, 70m]

Dividends Dividends Effect Dividends Dividends Effect

(1) [old] (1) [ new] 1 (%) (2) [old] (2) [news] 2 (%)

1.2000 1.2000 0.00 1.4000 1.4000 0.00

3.9830 1.1572 70.95 3.7750 3.9278 4.08

45416 1.1404 74.89 42176 44472 5.44
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5.1433 1.1203 78.22 4.6891 5.0206 7.07
5.7826 1.0968 81.03 5.1861 5.6514 8.97
6.4520 1.0696 83.42 5.7045 6.3412 11.16
7.1420 1.0389 85.45 6.2390 7.0905 13.65
7.8420 1.0046 87.19 6.7839 7.8988 16.44

Table 1.2: ODE 45 numerical calculation of the dividend of interacting investors with the initial
investment (1.2, 1.4) undergoing uncertain analysis: mutualistic interaction with a, = 0.0037, trading
period interval = [1m, 40m, 50m, 55m, 60m, 65m, 70m]

Dividends Dividends Effect Dividends Dividends Effect
(1) [old] (1) [ new] 1 (%) (2) [old] (2) [news] 2 (%)
1.2000 1.2000 0.00 1.4000 1.4000 0
4.9697 1.4571 70.68 4.4685 4.2686 4.47
5.9254 1.5098 74,52 5.1934 4.8799 6.04
7.0469 1.5699 77.72 6.0405 5.5621 7.92
8.3556 1.7178 80.39 7.0319 6.3188 10.14
9.8734 1.7178 82.60 8.1940 7.1522 12.71
11.6219 1.8090 84.43 9.5580 8.0635 15.64
13.6224 1.9147 85.94 11.1607 9.0518 18.90

Table 1.3: ODE 45 numerical calculation of the dividend of interacting investors with the initial
investment (1.2, 1.4) undergoing uncertain analysis: predation interaction with a; = 0.0037, trading
period interval = [1m, 40m, 50m, 55m, 60m, 65m, 70m]

Dividends Dividends Effect Dividends Dividends Effect
(1) [old] (1) [ new] 1 (%) (2) [old] (2) [news] 2 (%)
1.2000 1.2000 0.00 1.4000 1.4000 0.00
49221 1.4486 70.57 3.7384 3.9131 4.67
5.8405 1.4974 74.36 4.1568 44233 6.41
6.9002 1.5524 77.50 45918 4.9854 8.57
8.1090 1.6144 80.09 5.0354 5.6011 11.23
9.4696 1.6845 82.21 5.4779 6.2706 14.47
10.9767 1.7642 83.93 5.9079 6.9935 18.38
12.6158 1.8548 85.30 6.3135 7.7676 23.03

Table 1.4: ODE 45 numerical calculation of the dividend of interacting investors with the initial
investment (1.2, 1.4) undergoing uncertain analysis: commensalistic interaction with a; = 0.0037, trading
period interval = [1m, 40m, 50m, 55m, 60m, 65m, 70m]

Dividends Dividends Effect Dividends Dividends Effect
(1) [old] (1) [ new] 1 (%) (2) [old] (2) [news] 2 (%)
1.2000 1.2000 0.00 1.4000 1.4000 0.00
4.9451 1.4528 70.62 4,0870 4.,0870 0.00
5.8812 1.5035 74.44 4.6460 4.6460 0.00
6.9698 1.5609 77.60 5.2659 5.2659 0.00
8.2245 1.6262 80.23 5.9491 5.9491 0.00
9.6557 1.7007 82.39 6.6969 6.6969 0.00
11.2684 1.7859 84.15 7.5094 7.5094 0.00
13.0607 1.8837 85.58 8.3851 8.3851 0.00

Discussion of Results

Irrespective of the type of interaction between the stock exchange investors, the dividends of the first
investor are dominantly vulnerable to depletion. In particular, the depletion of the dividends for a competition
interaction ranges from zero to 87.2 percent while in the scenario of a mutualistic interaction, the depletion of
the dividends ranges from zero to 85.9 percent. In the scenario of a predation, the depletion of the dividends
ranges from zero to 85.30 percent whereas for a commensalistic interaction, the depletion of the dividends
ranges from zero to 85.58 percent. In summary, for the initial investment boundaries (1.2, 1.4), the dividends of
stock exchange investors are dominantly vulnerable to depletion.

In contrast, for the second investor in the scenario of a commensalistic interaction, there is a zero
effect, that is the dividends are neither increasing nor decreasing. For the competition and predation types of
interactions, the dividends of the second investor increase from a zero effect to 16.44 percent and the dividends
of the second investor increase from a zero effect to 23.03 percent. In this context, the dividends of the second
investor are vulnerable to a dominant depletion from a zero effect to 18.90 percent in the scenario of a
mutualistic interaction.
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V.  Conclusion

In this study, irrespective of the type of interaction, we have found that the first investor is dominantly
vulnerable to the depletion of the dividends whereas for the second investor, the mutualistic interaction is
associated with the depletion of the dividends while the increase of dividends are linked to the competition and
predation interactions between the two stock exchange investors. In terms of the loss of the dividends, the first
investor is highly likely to suffer financial liquidation irrespective of the type of interaction followed by the
second investor suffering also from the mutualistic interaction. In terms of the profitability of the dividends, for
the competition and the predation types of interaction, the second investor is highly likely to benefit. In a future
investigation, we shall consider how the variations of the growth rate of the second investor and the combination
of the growth rates will affect the distribution of the dividends.

Recommendations
From the results we have obtained from our analysis, we recommend that healthy competition should be
encouraged between stock exchange investors for increased economic profitability.

References

[1]. Cajueior, D.O., Tabak, B.M. and Werneck, F.K. (2009). Can we predict crashes? The cases of Brazilian stock market. Physcia A.
388, 1603-1609.

[2]. Chiang, S.Y., Wong, G.G., Li, Y. and Yu, H.C. (2003). A dynamics competition analysis on the personal computer shipments in
Taiwan using Lotka-Volterra model: IEE Asia Pasific Services Computing Conferences, 3, 1412-1417

[3] He, X. and Gopulsamy, K. (1997). Persistence at activity and delay in Facultative mutualism, Journal of Mathematical Analysis and
Application, 215, 154 - 174

[4]. Khamis, S.A., Tchuench, J.M., Lakka,M. and Heilio, M. (2011). Dynamics of fisheries with Pre-Reserve and Harvesting.
International Journal of Computer Mathematics, 88(8), 1776-1802

[5]- Khodabin, B. and Shekarabi, F.H. (2016). Numerical solutions of stochastic Lotka-Volterra Equations via operational matrices.
Journal of International and Approximation in Scientific Computing, 1, 37-42

[6]. Lakka, S. Michalakelis, C., Varoutas, D. and Martakos, D. (2013). Competitive dynamics in the operating systems market:
Modeling and policy implications, Technological Forecasting and Social Change, 8, 88-105

[7]. Levinson, M. (2009). Guide to Financial Markets (Fifth Edition). Pine Street, London: Profile books Limited.

[8]. May, R.M. (1982). Mutualistic interactions among species, Nature, 296, 803 -804

[9]. Modis, T. (1999). Technological Forecasting at the Stock market. Technological and Social Change, ELSEVIER, Science Inc. 62,
Pp 173-202

[10].  Morris, S.A. and Pratt, D. (2003). Analysis of the Lotka-Volterra Competition Equations as a Technological Substitution Model.
Technological Forecasting and Social Change, 70(2), 103-133

[11].  Nafo, N.M. (2016). Random noise selection of stability type: A study of interacting investors in the Nigerian Stock Exchange (PhD
Thesis): Rivers State University, Port Harcourt.

[12].  Shiller, R.J. (1981). Do stock return move too much to be justified by subsequent changes in Dividends? American Economic
Review, 8, 1981.

[13].  Sikder, A. and Roy, A.B. (1994). A co-evolution model of mutualism from a commensal association on Lotka-Volterra dynamics,
Biosystem, 32, 49-60.

[14]. Tang, Y.and Zang, Y.W. (2005). A competitive model for two CPU vendors, Physica A. 348, 465-480

[15].  Tsai, B.H. (2015). Modeling Competition of Different Manufacturing Strategies based on Lotka-Volterra Equations. Journal of
Contemporary Management, 5(1), 13-26

[16].  Verhulst, F. (1990). Differential Equations and Dynamical Systems (Springer Verlag).

*Corresponding Author: Nafo, N.M 82 | Page



