OPTIMAL EXPECTED VALUE OF ASSETS UNDER PARABOLIC EQUATION
WITH MARKET PRICE OF RISK NOT ZERO

1Joy ljeoma Adindu-Dick and *Bright O. Osu
'Department of Mathematics |mo State University, Owerri (jil6adindudick @yahoo.com)

’Department of Mathematics Michael Okpara University of Agriculture, Umudike
megaobr ai @hotmail.com(08032628251)

ABSTRACT
This paper deals with optimal expected value of assets under paripadition when the market
price of risk is not equal to zero. A seemingly Black-Scholeahmdic equation was obtained
and then solved using Euler’s substitution method when the marketgdrrisk is not zero. We
then used our result for the optimal prediction of the expected value of assets.
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parabolic equation.
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1.0 INTRODUCTION
Options pricing is an important problem to which economists pay tbepggnal attentions in
the theoretical studies of international economics and finance engigeOne of the most
appealing features of options (apart from the obvious chance of naitragrdinary returns) is
the possibility of easy speculation on the future behavior of a stacket price. The problems
arising from the dynamic nature of stock prices has been addressensively by many
authors[1, 2Kiong[3] applied the wavelet to measure the fractal dimensioGhafiese stock
market. Muzyt al. [4] estimated the statistical self-similarity exponentsf the data and made
a quadratic fit for some low order momerfigveral studies have examined the cyclic long-term
dependence property of financial prices, including stock price§][5These studies used the
classical rescaled range (R/S) analysis, first proposediard]later refined in [8, 9], among
others. A significant long range dependence was found using RA&iarfar 200 daily stock



returns of securities listed on the New York stock exchangeud®dtin [5]. A problem with
the classical R/S analysis is that the distribution of gsession-based test statistics is not well
defined. As a result, Lo [10]proposed the use of a modified R/S procediramproved
robustness. The modified R/S procedure has been applied to study dy&mavior of stock
prices [10, 11]. Teverovskst al and co-workers[12, 13]] have identified a number of problems
associated with Lo’s method. In particular, they showed that Lo’s method as@@teference
for accepting the null hypothesis of no long range dependencehdppens even with long-
range dependent synthetic data. To account for the long-range depenbtsacved in financial
data, Cutland et al[14] proposed to replace Brownian motion withdredtBrownian motion as
the building block of stochastic models for asset prices. An account of the histierrelopment
of these ideas can be found in[10, 8,15].A simple stochastic algonthandrifted financial
derivative system for pricing an American option under Black-Sehwoledel was proposed in
[16]

But in this paper, we consider the optimal expected value osasgsaé¢r parabolic equation with
market price of risk not zero. We use Euler's substitution methodokee our parabolic
equation. We then use our result for the optimal prediction of the expected valuef asset
20 THE MODEL

Consider a portfolio comprising h unit of assets in long position and oh@futhie option in

short position. At time, T the value of the portfolio is

hP -V, (1)
measured by the fractal indé® (E) — V¢ (E) = 0.

After an elapse of time\t, the value of the portfolio will change by the raf&P + D, At) —

AV in view of the dividend received on h units held. By Ito’s lemma [17]this equals
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If we take h = Y (2)

the uncertainty term disappears, thus the portfolio in this casenjgorarily riskless. It should

therefore grow in value by the riskless rate in force i.e.
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Proposition 1: For D; # 0, the solution of equation (3) is given as:
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In this case V is not dependent enSubstituting into the given differential equation we have
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Cancelling byz? and collecting like terms we have
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We obtain
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We then solve equation (9) by change of variable using Euler’s substitution .

LetZ = et, thenlnZ = t, andZ—; =
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Substituting the above equations in equation (9) gives
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Equation (10) is linear with constant coefficient. Solving equation (10): let
W = et

be the solution of equation (10), herié = 1e?t andW" = A2et,

Substituting in equation (10) givade®t + 1e’t — 2 ¢t = 0.Our auxiliary equation becomes
g
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ButW = e** andt = InZ, hencel/ = Z*.
Therefore,
W(Z) = AZ* + BZ%2, (12)
whereA andB are arbitrary constants angd andA, are as defined in equations (11a) and (11b).

But

V(P) = ZFW(Z) whereZ =~
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Also, from [18],we haver = %, with0 <a < (;iz, andg, > 0 a Bessel function given as
Jn
T(x)' Hence
2\ B 2\ A1 2\ A2
vy = (5 () + 8 (5) a3)

CONCLUSION: Considering equation (13), we observed that when 0O, the equation
becomesV(P) = 0, this signifies no signal. lia = 4, equation (13) becomeg(P) =

) o)

q = 1to have

2 AZ
+ B (2%) } this implies that there is signal. We now further look at itrwhe

B 2 2
V(pP) = (%) {A (%) ' +B(%) 2}. Hence, ifA; and 1, are negative, the investment output

decays. On the other handgdifand A, are positive, the investment output grows.
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