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Abstract

Option pricing model is a wildly interested topic in an area of financial Ma-
thematics. The pioneer model was introduced by Fischer Black and Myron
Scholes which is known as the Black-Scholes model. This model was derived
under various assumptions such as liquidity and no transaction costs for
which a underlying asset price in stock market might not be satisfied. With
this fact, the underlying asset price models were remodeled, in order to de-
termine an option value. This research aims to extend the Black-Scholes
model by relaxing the assumption of no transaction costs in illiquid markets.
Also, jumps of asset price are considered in this work. To do this, a differen-
tial form of asset price with transaction costs and jumps in illiquid markets is
introduced and then used to construct the extended option pricing model.
Furthermore, a numerical result of a call option price under a new situation is
provided.

Keywords
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1. Introduction

Derivatives are financial instruments that give the right to buy or sell an under-
lying asset in the future. These contacts, such as future, forward, swap and op-
tion, were used for speculating and managing risks in an investment. For an op-
tion, it is a financial contract that gives option holders the right to buy or sell an

underlying asset from option writers by a specified date and price. The contract,
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giving option holders the right to buy an underlying asset, is called a call option
while the contract that gives option holders the right to sell an underlying asset
is called a put option.

In 1973, Fischer Black and Myron Scholes [1] constructed the Black-Scholes
model for determining prices of options. However, their model required various
assumptions such as constant volatility, no transaction costs and perfect liquidi-
ty. However, purchasing on some stocks may be illiquid. Also, random jumps of
prices of some underlying assets have occurred. With these reasons, the
Black-Scholes assumptions may not fulfill the real financial market situations.
Therefore, many researchers tried to extend the result of Black and Scholes by
reducing some of the above assumptions (see, [2] [3] and [4]).

In illiquid market, the investor’s trading in the stock market affects the stock
price. This impact is called a price impact. The price impact is referred to the
correlation between trading and subsequent price change. This may be a result
from a bid trader who is able to move the price by his/her actions.

In 2005, Hong Liu and Jiongmin Yong [5] examined the effects of price im-
pact in an illiquid market in replicating a European option. They investigated a
generalized Black-Scholes pricing model in illiquid market. Moreover, the pres-
ence of the price impact has been studied and analysed in several researches. For
example, Kristoffer Glover, Peter Duck, and David Newton [6] consider the ef-
fects of illiquidity on the Black-Scholes model. Traian Pirvu and Ahmadreza
Yazdanian [7] investigated the effects of price impact in imperfect liquidity on
the replication of a European Spread option.

In 2013, Youssef El-Khatib and Abdulnasser Hatemi-J [8] applied a jump
diffusion model to price process in Liu and Yong [5] and provided the
Black-Scholes model in illiquid with Jump. Then, in 2016, Francis Agana, Olu-
wole D. Makinde and David M. Theuri [9] studied the combined effects of
transaction costs and large trading in illiquid markets on options pricing model.
They derived a generalized and nonlinear Black-Scholes model in an illiquid fi-
nancial market with transaction costs. However, none of the previous research is
studied under the situation of existing transaction costs and jumps associated
with illiquid markets.

In this paper, we combined the idea of [8] and [9] by introducing a differential
form of an asset price process related to transaction costs and jump diffusion
term in an illiquid market. Also, we provide a European option pricing model
with transaction costs and jumps in illiquid markets. This model extends results
in [1] [5] [8] and [9] by reducing more assumptions. Moreover, numerical si-
mulations of an option price are shown by using the Monte Carlo simulation.

The contents of this research are organized into four sections. In Section 2, the
differential form of assets price with transaction costs and jumps in illiquid
markets is introduced. Also, an asset price process is investigated and a simula-
tion example of option price is given in this section. In Section 3, a model of op-

tion pricing associated to the propose differential form is provided. Finally, con-
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cluding remarks are given in Section 4.

2. Differential Form of Assets Price with Transaction Costs and
Jumps in Illiquid Market

In this section, we introduce the differential form of assets price with
transactions costs and jumps for illiquid market. We consider a financial market
having two types of assets; a risk-free asset and a risky asset. For t>0, let A
and S, be risk-free asset and risky asset prices at time £ respectively, T —t be
the time to maturity date, K'be strike price and

h(S;)=(S; —K)" =max{S; —K,0} be the pay-off at time 7. In 1973, Fischer
Black and Myron Scholes [1] constructed the Black-Scholes model for option

pricing. They assumed that the price of risk-free asset follows
dA =rAdt (1)

where ris the risk-free interest rate and assumed that the price of risky asset sa-

tisfies

dS, =S, (udt+odW, ) ()

where y and o are the constant drift and constant volatility, respectively,
W, is a standard one-dimensional Brownian motion. In 2005, Hong Liu and
Jiongmin Yong [5] extended the result of Black and Scholes [1]. They derived a
generalized Black-Scholes pricing model in illiquid market. In [5], Hong Liu and
Jiongmin Yong assumed that the price of risk-free asset and the price of risky

asset follow

dA =r(t,S,)Adt and (3)
ds, =S, (u(t,S,)dt+o(t,S,)dW, + A(t,S,)d6,) (4)

where I’(t,St) is the interest rate, the drift and the volatility, respectively, de-
pending on time ¢ and S, A(t,S,) is price impact function of the trader

(non-negative) and 6, is the number of shares. They also assumed that

det =’7[dt+§1dW1 (5)
where 7, and ¢, are adapted process to a filtration (% )t>0 generated by the
Brownian motion. After that, in 2013, Youssef El-Khatib and Abdulnasser Ha-

temi-J [8] applied a jump diffusion model to price process in Liu and Yong

model [5]. The price of risky asset is assumed as
dS, =S, (u(t,S, )dt+o(t,S,)(dW, +adM, )+ A(t,S,)d6)) (6)
where a is a real constant and M, =N, —pt is the compensated Poisson

process where N, is a Poisson process with deterministic intensity o . They

assumed further that

d6, = ,dt+¢, (AW, +bdM,) )

where b is a real constant. In 2016, Francis Agana and et al. [9] added the term
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of transaction costs to price process in Liu and Yong model [5]. They assumed

that the price of risky asset satisfies

dS, =S, (u(t,S,)dt+o(t,S,)dW, +A(t,S,)d6, +x(t,5,)d6,) (8)

where K(t,St) is the transaction costs. In this work, we combined the idea of
[8] and [9] to construct a model of option pricing. We assume that the price of

the risky asset is generated by the following stochastic differential equation:
dS, =S, (u(t,S,)dt+o(t,S,)(dW, +adM )+ A(t,S,)d6, +x(t,S,)d6)  (9)
and 6, satisfies
d6, = pdt+ ¢, (dW, +bdM, ). (10)

Thus, by (9) and (10), the price process of the risky asset satisfies the following

differential form:
dS, =S, ([4(t,S)+A(t,S, ) +x (8,8, ), ]dt
+[o(t,S,)+A(1,S,) & +x(t,S,) &, |dW, (11)
+[ac(t,8,)+bA(t,S,)¢, +bx (t,S,)<, |dM, ).

In solving Equation (11), we apply the Ito lemma in [8] with G (t, S, ) =In§,.
We obtain

InS, =InS, +[[[2,InS,+(u(s.S,)+ (5,5, ), +5(5.5,) 7,
- plac(s,S,)+bi(s,S,)¢, +bx(s,S,) ¢, ])S.0, IS,
( s,ss)+/1(ss)gs+,<(s,ss)gs) S20% InS,

(
+p(In(s, +(ac(s,S )+b/1(s,SS)§S+bK(s,SS)§S)SS)—InSS,)]ds
o

I

+1,(In(S,- +(ac(s,8,) +bA(s,8,)¢, +bx(s,S,)<,) S, ) ~InS_ JaM,

5,8,)+A(s,5,) ¢, +x(s.5,) ¢, ) 8,0, InS,dW,

S

=InS,+ [ [ (1(s.8,)+ A(5.8,) 7, +x(s,5,)n,

- plac(s.S,)+bA(s,S,)<, +bx(s,ss)45])sssis

—%(G(S,SS)+1(5:SS)§S +K(S*Ss)§ ) SZ?

S

+p(In(s, (1+ac(s,s )+bz(s,ss)gs+bx(s,ss)gs))—|nss,)]ds

J. s
i}

~Ins_ ) (dN, — pds)

;(a )+4(s,S )§S+K(s,ss)§s)sssidws
(In( 1+aa 5,S,) +b/1(s,SS)§S+bK(S,SS)§S))
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:|nso+J’;[(y(s,Ss)+ﬂh(s,ss)ns+r<(s,Ss)77S
~plac(s,s,)+ba(s,S, )¢, +br(s.S,)<, )
_%(g(s,ss)m(s,s )¢, +x(s,S,) ;S)z}ds
+[(o(5:5,)+ A(5.5,)¢, +x(5.5,) ¢, ) AW,

(

+joln 1+ao—( o) +bA(s,S,) ¢, +bx(s,S, )<, )dN
(12)

The Poisson integral in (12) can be computed in terms of the waiting times

T, . Thus, we have
InS, =InSO+J.;[(y(s,35)+/1(5,35)775+K(S,SS)775
—p[aa(s,ss)m/l(s,ss)gs+b;<(s,ss)§s])
_%<a(s,55)+ﬂ,(s,83)§s+K(S,SS)CS)2}dS (13)
+[(o(s.8.)+2(5.5,) ¢, +x(5.S,) &, )W,
+kzlln(1+ aa(Tk,STk )+bA (T, 85, )¢5, +bx(T, Sy, )¢, )AN

where AN, =1, that is the Poisson process has a jump at time £ Hence, the asset

price S, at time ¢is given by
St=SOexp[jot|:(,u(5,SS)+1(S,SS)I]S+K(S,SS)I]S
-p[ac(s.S,)+ba(s,S,) ¢ +bx(s.8,)S, )
—%(O'(S,Ss)—i-l(s,ss)é’s+K(S,Ss)§s)2}ds (14)

j J)+A(s,S )§S+x(s,ss)§s)dws]

Ny
Xg(uaa(n,&k )+bA(T,. Sy, )&y, +bx (T Sy )& )

Next, a Monte Carlo simulation for a call option price is presented. This
computation is obtained as a special case when the coefficients ,4,x,7,4,a,b
and p are constants. By Equation (14), the stock price at maturity date 7"can
be simplified as

S, =S, exp((,u—irﬁn—i-my—p(aa+b/1§+b/(§)—%(a+l§+K§)ZJT
(15)
+(o-+/1§+K§)WT]><(1+aO'+b/1§+bK§)NT

and the price of a call option with strike price K at maturity date 7'is computed

as
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E[e™ (S -K)' | (16)

If we set S;=40, r=005, ©=002, =02, K=44, 1=0.0001,
x=0.01, »=0.001, £=005, a=0.1, b=0.3 and p=1, the simulation
results are shown below. In Figure 1, a Monte Carlo simulation result of asset
price followed the Equation (15) with T =1, the number of time steps m =100
and the number of realizations n =500 is shown. The average of the asset price
from the simulation result is depicted in Figure 2. In Figure 3, a call option
price in Equation (16) is simulated.

60 70

Path
30 40 50
!

20
I

Time

Figure 1. The simulation of the asset price.

asset price
39.8 40.0 40.2 40.4 40.6

0 20 40 60 80 100
Time

Figure 2. The average of the asset price.

1.5
%

1.0

call option price
0.5

0 20 40 60 80 100
Time

Figure 3. The simulation of European call option price.
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It can be seen form the above figures that there are wide ranges of values in a
number of paths being result form jumps, transaction costs and price impacts.
However, the average of the asset price lies between 39 and 41. Although the si-
mulated price at expiration date is less than the strike price which is 44, the si-
mulated option price is still positive due to the definition of pay-off. This can be
explained that if an investor plans to buy and then hold an option, which an un-
derlying asset price follows Equation (9), to its expiration date, the option fair
price at current time is positive because of positive jumps of the underlying asset

price.

3. Option Pricing Model with Transaction Costs and Jumps
in Illiquid Markets

In this section, we construct a partial differential equation for option pricing by
using a arbitrage pricing technique [10] consisting of the following steps:

1) Constructing a self-financing portfolio with the risk-free asset and the risky
asset.

2) Providing a differential form of option price by applying Ito’s lemma to op-
tion price function depending on tand S, .

3) Comparing the coefficients in the above differential form by using arbitrage
pricing technique. This is, comparing the coefficients in random and non random
parts in the replicating portfolio from step 1.

(Step 1) For te[0,T],let V, is the wealth process and , is the number of

units invested in the risk-free asset. The value of the portfolio V, satisfies
Vi =y A +05S,. (17)

Assume that the trading portfolio is self-financing. Then,
dv, =y, dA +6,dS,. (18)
and we have the following Proposition.

Proposition 1. If the portfolio is self-financing, then the wealth process in

(18) follows the stochastic differential equation:

dv, = (r(t'St)Vt +6,S, |::u(t’St)_r(t’st)_’—ﬂ’(t'st)m +K(t'St)77t:|)dt
+6,8,[o(t,5,)+A(1,S,) & +x(t,5,)¢ |dW, (19)
+6,8,[ac(t,8,)+bA(t,S, )¢, +bx(t,S,)¢, [dM,.

Proof. By (3), (11), (17) and (18), we have
Vt _‘gtst
dVl = l//tdA +42dSt :TdA -|-01dsl

:V‘_—gts‘(r(t,st)Adt)ﬂﬂSt ([2(t, )+ (8,8 )+ (8,8 ) et

+[o(t,8)+ A(1,S,)¢ +x(t,S,)<, Jdw,
+[ac(1,S,)+bA(t,S,) ¢ +bx(t,5,) ¢ JdM, )
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=(r(t.S )V, +6S [ #(t.S)—r(t,8)+A(t,S ) +x (1S )7, |)dt
+6,S,[0(t,S)+A(t,S,)¢ +x(t,5)<, Jdw,
+6,S,[ac(1,S,)+bA(t,S,)S, +bx(t,S,) ¢, |dM,.

Therefore, the proposition is proved. o

The following theorem gives the partial differential equation for option pric-
ing with transaction costs and jumps in illiquid markets. In this theorem, we
combine the step 2 and step 3 in arbitrage pricing technique.

Theorem 2. Let f(t,S;) be the price of the European call option at time
te[0,T] and S, satisfies the Equation (11). Then the partial differential equa-

tion of the option price is given by
r(t,Sl )Vt +6,S, [ﬂ(t'St)_ r(t’Sl)+l(t’St)771 +K(t'St)771:|
=0,f (t’St)+(/1(tlst)+/1(t’st)77t +K(t'St)77t
- plac(t,S,)+bA(t,S,)¢, +bK(t,St)§t])St63 f(t,S,) (20)

+%(a(t,8t)+ﬁ(t,st)§t +x(,5,)¢ ) S2% T (t.S,)
+p( (68, (1+ac(t,S)+bA(6,8)¢ +bx(t,S)<,))- F (¢S, ))

with the terminal condition f(T,S;)=h(S;).

Proof. (Step 2) Let C"? ([O,T]x[—oo,oo]) be the continuously differentiable
functions. Assume that function f (t, S)e ch? ([O,T]x [—oo, 00]) , that is the first
derivative with respect to ¢ and the first and second derivative respect to S of
function fare exist and continuous. Also assumed that f (t,S,) be the price of
a European option and the stock price S, satisfies the Equation (11). By Ito
lemma in [8] with G(t, Xt)z f (t,St) . We obtain the differential form of op-

tion price satisfies the following stochastic differential equation:
df (t'St) = |:6t f (t' St)"'(ﬂ(t'St)"'ﬂ(t' St)’7t +K(t'8t)77t
- plac(t,S)+bA(t,S)¢, +br(t,5,)¢, ])Sds f (.S,)

+§(a(t S)+A(6S,)¢ +x(1,5,)¢) S2% f(1,S,)

+p(f( 1+aatS)+b/1(tS)§t+b/<(tS)§t))
—f (s ))Jdt
(o (t,5,)+ A(1,S,) & +x(4,5)¢,) S0 F (4., )W,
+(f (1+ao(t,S,)+bA(t,S,) &, +bx(t,S )Ct))
- f(ts ))dM
(21)

(Step 3) By arbitrage pricing technique, this implies that dV, =df (t,S,).
Thus, we can compare the coefficients for dW, in Equations (19) and (21), we

have
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65 [o(t,S)+A(t,8,)¢ +x(t.S)< |
=[o(t,S)+A(t,8,)¢ +x(t.5,)&, ]S0s f (1.S,)
If o(t,S,)+A(t,S,)¢ +x(t,S,)¢, #0, the above equation implies that
6, =0sf(t,S,) (22)
Similarly for the coefficient of dM, we have
6,5, [ac(t,S,)+bA(t,S,)¢ +bx(t,S,)¢ |
= £ (1,8, (1+ac(t,S,)+bA(t,8,)¢, +br(t,8,)¢,))- F(t.S. )

which implies that

. f(t.S, (1+ac(t,S,)+ba(1,8,)¢ +br(t,8,)¢)) - f (1S, ) o)

‘ S.[ac(t,S,)+bA(t,S,)¢, +br(t,S,)¢, |

Consider Equations (22) and (23), we can see that the 6, in Equation (22)

has no jumping variable but that in Equation (23) depends on jump. Hence, by
comparing the coefficients of dW, and dM,, we obtain the different values of
the number of shares 6, . That is, we cannot find the number of shares 6, that
lead to the value V; =h(S;)=f(T,S;). Thus, we consider an equation given
by the term belonging to d#in (19) and (21). This gives the partial differential

equation of the option price.
r(tSOVe+6,S [ u(t,S)-r(t,S)+A(t,S)m +x(t,S, )7 |
=0, F(t,S,)+(u(t.S)+A(t,S,)m +x(t,S, )7,
- plac(1,S)+bA(t,S,) ¢ +bx(t,5,)¢, ])Ss f (1.S,) (24)

+%(a(t,8t)+ﬂ(t,8t)§[ +x(,5,)¢ ) S% F(t.S,)
+p( 1S (1+ao(t,5,)+bA(tS,)¢ +br(t,S)¢))- F (1.S.))
with the terminal condition
F(T.S,)=h(S,) (25)

The theorem is proved. o

The theorem below shows the finding the number of shares 6, invested in
risky asset in Equation (24).

Theorem 3. The number of shares 6, that minimizes the distance between
the wealth V; and the option price f(T,S;)=h(S;) is given by

(o +AL +xL) S0, f
(o + AL +xL)S2 + pS? (ac +bAg +big )’
+;ﬁ(aa+bl§+bx§ﬂf(t§,@+aa+bﬂ§+bK§»—f)
(0 +A¢ +x¢)' S?+ pS? (ac +bAL +bit )’

(26)

Proof. Since we can not find the number of shares 6, directly. Therefore, in

order to find the number of shares 6, invested in risky asset, we minimize the
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distance between the wealth V; and the option price f(T,S;)=h(S;) at

time 7 So, we consider
min€| (n(8;)-Vs )’ | (27)
Applying Ito integral to the wealth process V; in (19), we have
Vo =Vo+ [T r(6S )V, +6,8, [#(tS,)-r(t,5,)+A(t,S,)n +x(t.S,)7, ]dt
+[0 68, [o(t.5,)+ 2(t.5)¢ +x(t,5,)¢, AW, (28)
+[. 65 [ac(t,5,)+bA(1,5,)¢, +br(t,S,)¢, JdM,.

Similarly for the option price f(T,S;) in (21), we get
f(T.S;)
= £(0.5,)+ [, [2f (t.S)+(u(t.S,)+ A(t.S,)m +x(t.S)m,
- p[ac(t,8,)+bA(t,S,)¢ +bx(1,5)¢ ])S0s f (1.S,)
+%( (t,S)+A(t,S,) ¢ +x(t,S );’t) S2o% f(1,S,)
+p(1(18, (Lrac(t.8,)+bA(t,5,)& +br(t,5,)¢)) - T (1S, ))|ot
[ (o(t.5)+ A(6S) & +x(6.5) &) 505 F (£.5,)dW,
1 (F(ts (1+ao(t,8)+bA(tS )& +br(t,S)¢)) - f (.S ))am,
(29)

By (28), (29) and (24), we have
E[(h(sT)-vT)ZJ
_Em [o(t,5,)+A(6,8,) ¢, +x(t,8,) < 18 (9 f (8,,)- )dwtﬂ
+E[(j;(f(t,sr (1+ac(t,5,) +bA(t.5,)¢, +br(t,5,)<,))

~ (6.5 )-65 [ac(t,8,)+bA(L,S,)¢, +bK(t,St)§t:|)th)2:|

By Ito isometry [11], we obtain
[ (h(sr)-vr )]
j [([o-(t SO+ A(65) & +x (6.5 ]S (6 F (t.S,)- 9))2}dt
TE[p(1(tS, (1+ac(ts)+bA (LS )¢ +br (LS, ),))
)-
)

(t s )-65]ac(tS,) +b/1(tS)§t+bK(tS)§J)}
= [ E[1(4,)]dt

where
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1(8,)=(c+2¢ +x¢ ) S? (05 f —61)2+,o(f(t,sr (1+ac +bAg +bxs))

) (30)
- 1(t,S, )-8 (ac+bag +bxt))
To find the critical point, we setting 1'(6,) =0, we obtain
g - (c+A +x8) S%0, 1
" (o+AL+ KLY S% 4 pSE(ac+bAL + bl )
(31)
pS(ac+bi¢ +b/c§)( f(t.S. (1+a0+bAg +bt))- f )
+
(o + AL +x¢) S? + pS? (ac +bA +bit )’
By second derivative test, we obtain
1"(6,)=2(0+ A4 + )’ S? +2pS? (a0 +bAL +bx )’ >0 (32)
thus, the function has a minimum at critical point. Hence, we have the Theorem.
O
Note from the above result that if there is no jump (Ze. a=b=0), we have
6, =0,f (33)

and the PDE of the option price in Equation (24) is reduced to the equation ob-
tained in [9]. Similarly, If the no transaction cost assumption is assumed (Ze.
k(t,S,)=0), the Equation (31) becomes

(0+4¢) 8%, T + pS(ac+bAg)( (1.5 (L+ac+bAg))- 1)

6 = 2 2 (34)
(c+4¢) S?+pS?(ac+bAd)

and the Equation (24) is reduced to a form as in [8]. The Black-Scholes model is
obtained when a=b=x(t,S;)=A(t,S,)=0.

4. Conclusion

In this paper, a new differential form of assets price is introduced and a Euro-
pean option pricing model with transaction costs and jumps in an illiquid mar-
ket is derived. This extends the assumptions of the Black-Scholes model by com-
bining the jump-diffusion and existence of transaction costs in illiquid markets.

This approach might be more realistic to the financial market.

Acknowledgements

The authors appreciate referee(s) for their helpful comments. The first authors
would like to thank the Department of Mathematics, Faculty of Science, King
Mongkut’s University of Technology Thonburi for financial support.

Conflicts of Interest

The authors declare no conflicts of interest regarding the publication of this

paper.

References

[1] Black, F. and Scholes, M. (1973) The Pricing of Options and Corporate Liabilities.

DOI: 10.4236/jmf.2021.113020

371 Journal of Mathematical Finance


https://doi.org/10.4236/jmf.2021.113020

P. Seelama, D. Thongtha

(4]

(5]

(10]

(11]

Journal of Political Economy, 81, 637-654. https://doi.org/10.1086/260062

Dokuchaev, N.G. and Savkin, A.V. (1998) The Pricing of Options in a Financial
Market Model with Transaction Costs and Uncertain Volatility. Journal of Multina-
tional Financial Management, 8, 353-364.
https://doi.org/10.1016/5S1042-444X(98)00036-X

Florescu, I., Mariant, M.C. and Sengupta, I. (2014) Option Pricing with Transaction
Costs and Stochastic Volatility. Electronic Journal of Differential Equations, 2014,
1-19.

FEdeki, S.0O., Ugbebor, O.0. and Owoloko, E.A. (2017) On a Nonlinear Transac-
tion-Cost Model for Stock Prices in an Illiquid Market Driven by a Relaxed
Black-Scholes Model Assumption. Malaysian Journal of Mathematical Sciences, 11,
83-96.

Liu, H. and Yong, J. (2005) Option Pricing with an Illiquid Asset Market. Journal of
Economic Dynamics & Control, 29, 2125-2156.
https://doi.org/10.1016/j.jedc.2004.11.004

Glover, K.J., Duck, P.W. and Newton, D.P. (2010) On Nonlinear Models of Markets
with Finite Liquidity: Some Cautionary Notes. SIAM Journal on Applied Mathe-
matics, 70, 3252-3271. https://doi.org/10.1137/080736119

Pirvu, T.A. and Yazdanian, A. (2015) Numerical Analysis for Spread Option Pricing
Model in Illiquid underlying Asset Market: Full Feedback Model. Applied Mathe-
matics & Information Sciences, 1271-1281. https://doi.org/10.18576/amis/100406
El-Khatib, Y. and Hatemi-J, A. (2013) On Option Pricing in Illiquid Markets with
Jumps. International Scholarly Research Notices, 2013, Article ID 567071.
https://doi.org/10.1155/2013/567071

Agana, F., Makinde, O.D. and Theuri, D.M. (2016) Numerical Treatment of a Ge-
neralized Black-Scholes Model for Options Pricing in an Illiquid Financial Market
with Transections Costs. Global Journal of Pure and Applied Mathematics, 12,
4349-4361.

Rouabh, F. (2013) Four Derivations of the Black Scholes PDE.
http://frouah.com/finance%20notes/Black%20Scholes%20PDE.pdf

Mukam, J.D. (2015) Stochastic Calculus with Jumps Processes: Theory and Numer-

ical Techniques. M.S. Dissertation, African Institute for Mathematical Sciences
(AIMS) Senegal.

DOI: 10.4236/jmf.2021.113020

372 Journal of Mathematical Finance


https://doi.org/10.4236/jmf.2021.113020
https://doi.org/10.1086/260062
https://doi.org/10.1016/S1042-444X(98)00036-X
https://doi.org/10.1016/j.jedc.2004.11.004
https://doi.org/10.1137/080736119
https://doi.org/10.18576/amis/100406
https://doi.org/10.1155/2013/567071
http://frouah.com/finance%20notes/Black%20Scholes%20PDE.pdf

	Option Pricing Model with Transaction Costs and Jumps in Illiquid Markets
	Abstract
	Keywords
	1. Introduction
	2. Differential Form of Assets Price with Transaction Costs and Jumps in Illiquid Market

	3. Option Pricing Model with Transaction Costs and Jumps in Illiquid Markets 
	4. Conclusion 
	Acknowledgements
	Conflicts of Interest
	References

