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1. Introduction

Stochastic differential equations (SDEs) have been widely applied in many fields, such as biology,
economics and physics for modeling (see, e.g., [1-6]). More and more people have showed their
interests in SDEs. So far, many results of solutions for SDEs have been obtained, such as the existence
and uniqueness of solutions [7—12], Markov property [13], and even the long-term behavior [14]. In
addition, to describe a wide variety of natural and man-made systems precisely, various types of SDEs
are developed (see, e.g., [10, 15]), and the theory of these SDEs has always been a focus.

One of the popular topics of SDEs is the existence and uniqueness of solutions. Generally, the
classical existence and uniqueness theorem for SDEs requires the coefficients to satisfy the global
Lipschitz condition (see, e.g., [16, 17]). Under the local Lipschitz condition and the linear growth
condition, Arnold [18] has showed the existence of the unique solutions for SDEs. However, there
are many interesting SDEs such that their coefficients are only superlinear, for such SDEs, Mao [10]
has derived that there exists a unique regular solution under the locally Lipschitz condition and
the monotone condition. Based on these existence and uniqueness results for the classical SDEs,
many authors have studied the existence and uniqueness problems for other types of SDEs. For
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instance, Zvonkin [19] has investigated the strong solutions of SDEs with singular coeflicients. Mao
and Yuan [20] have introduced the existence and uniqueness of solutions for SDEs with Markovian
switching.

Furthermore, although many SDEs have been showed that they each have a unique solution,
it is important to determine precisely under which conditions one obtains a unique solution for
SDEs. Compared with more restrictive conditions, general conditions can provide the existence
and uniqueness of solutions for a larger class of SDEs. By using the Euler method, Krylov [9] has
established the existence and uniqueness theorem under the monotone condition and a more general
condition which is known as the local one-sided Lipschitz condition. Then, Gyongy and Sabanis [7]
have developed this result to stochastic differential delay equations. Recently, Ji and Yuan [8] have
established the existence and uniqueness result for neutral stochastic differential delay equations. In
this paper, inspired by Li et al. [21] and Krylov [9], we aim to study the existence and uniqueness of
solutions for SDEs under weaker conditions compared with what we have mentioned above. Also, we
can obtain the pth moment boundedness. The main contribution of this paper is that we have included
the case of 0 < p < 2 in our conditions.

The rest organization of this paper is as follows: In Section 2, some notations and preliminaries
are introduced. In Section 3, the existence and uniqueness of solutions is provided by deriving a
localization lemma, and the pth moment is further estimated. An example is given to illustrate our
results in Section 4.

2. Notations and preliminaries

In this paper, we let (Q, 7, P) be a complete probability space with a filtration {¥,},5¢ satisfying the
usual conditions (that is, it is right continuous and increasing while ¥ contains all P-null sets). Denote
N as the set of natural numbers and m,d € N. Let {B(#)};»o be a standard m-dimensional Brownian
motion defined on the probability space. Let R, = {x € R : x > 0}, R be d-dimensional Euclidean
space, and R®" be the space of real d X m-matrices. If x € RY, then |x]| is the Euclidean norm. For any
matrix A, define its trace norm by ||A|| = v/trace(AAT), where AT denotes its transpose. Moreover, for
any a € R and b € R, define a A b = min{a, b} and a V b = max{a, b}. For a set G, let I5(x) = 1 if
x € G and otherwise 0. Let inf @ = co (as usual, @ denotes the empty set). For any x € R, let | x] be the
integer part of x. For any p € (0, +o0), let L? = LP(Q;R?) be the family of R?-valued random variables
Z(w) with E[|Z(w)|P] < +o0, and L = L([0, T]; R) denotes the set of R-valued nonnegative integrable
functions on [0, T'].

In this paper, we consider a d-dimensional SDE described by

dX() = f(X(),)dr + g(X(¢),)dB(t), te€[0,T], 2.1
with the initial value X(0) = X, € L”, where
fiRIXR" 5 RY, g :RYXR" - R™
is Borel-measurable and has continuous mappings.

Moreover, in order for the main results, we impose the following assumptions.
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Assumption 1. For any R, T € [0, o), and x € RY,

T
fo sup {If(x, 0l V llg(x, DIP}dr < co.

|XI<R

Assumption 2. (Locally one-sided Lipschitz condition) For any R, T € [0, o), there exists a Kg(t) € L,
which is dependent on R such that

20x1 = 0) T (f(x1, 1) = f(x2, 1) + 1g(x1, 1) — g(x2, DI < Kr(D)lxy — xaf,
forallt €[0,T], x1,x, € RY and |x,| V |x2| < R, where the Kg(t) are satisfying fOT Kr(t)dt < oo, for any
R, T € [0, ).

For the regularity and pth moment boundedness of the exact solution, we make the following
assumption.

Assumption 3. Forany T € [0, ) and p € (0, ), there exists a K(t) € L such that

2
(1+ xP)2x fx 1) + g DIP) = 2 = p)|x"g(x. 0| < K()(1 + ),
forallt€[0,T] and x € R%
Remark 2.1. If p = 2, we have

2x7 fOe, D) + g DIP < K(O(1 + [xP),

which is the assumption of the paper [9]. In this paper, for any p > 0, the pth moment boundedness of
solutions is also provided.

For the sake of simplicity, throughout the paper, we will fix T € [0, +o0) arbitrarily, and unless
otherwise stated, C denotes a generic positive real constant dependent on 7', R etc. Please note that the
values of C may change between occurrences.

3. Existence and uniqueness of solution

In this section, we shall show that there exists a unique regular solution to (2.1). According to [8,9,
12], we prepare a localization lemma below.

Lemma 3.1. Suppose that {X"()}ej0.r] are given continuous, R%-valued, and F-adapted processes
on (Q, F, P). Forn € N such that X"(0) = X(0), and

dX"(r) = f(X"(t) + P"(¢), t)dt + g(X"(t) + P"(¢),t)dB(t), te€[0,T],

where P'(t) is a progressively measurable process. Moreover, for n € N and R € [0, 00), suppose
that there exists a nonrandom function r : [0, c0) — [0, o0) such that Igim r(R) = oo, and let 7,(R) be

Fi-stopping times such that
(@) |X"(®)| + |[P"(t)| < R fort € [0,7,(R)] a.s.
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TAT,(R)

(ii) lim E[ b |P"(¢)|dt] = O forall R, T € [0, c0).
(iii) Forany T € [0, c0),

im Tim P{r,(R) < T, sup [X"(1)| < r(R)} = 0.

1
R—00 n—oo 1€[0,74(R)]

Then, also for any T € [0, ), we have

sup [X"(£) — X"(6)] — 0, as n,m — co. 3.1)
t€[0,T]

Proof. We borrow the techniques from [12] mainly and divide the proof into 2 steps.
Step 1. For R € [0, o0) and 7 € [0, T'], from Assumption 1 we assume that

sup {I£(x, 01 V llgx, DI} < Kr(0),

Ix|<R
(otherwise, we regard Kx(f) as the maximum of Kg(#) and the integrand in Assumption 1). Fix R €
[0, o) and define the ¥,-stopping time
(R, u) = inf {t > Olar(?) > u}, u € (0, ),

where a(?) = fot Kr(s)ds < co. Clearly, (R, u) T oo as u — oo. In particular, there exists u(R) € (0, o)
such that

P{r(R,u(R)) < R} < I%.

Now, we let 7(R) = 7(R, u(R)), then 7(R) — oo in probability as R — oo and ag(t A T(R)) < u(R).
Moreover, referring to [8,12], it is easy to prove that all three conditions (7)—(iii) still hold if we replace
7,(R) by 7,(R) A 7(R). So we can further assume that 7,(R) < 7(R), then we have ax(t A 7,(R)) < u(R).
For a fixed R € [0, o0), we define

AR = f [P"(s)|Kgr(s)ds, t€[0,T AT,(R)], n €N,
0

and 7, ) (R) = 7,(R) A 7,,(R) for m,n € N. Then we can obtain

lim E[AX(T A 1,(R))] = 0. (3.2)
Under Assumption 2, we have
sup  IX"(6) — X"(D)] — 0, as n,m — oco. (3.3)

tE[O,T/\T(an) (R)]

We omit the proof of (3.2) and (3.3) there as the reader can refer to [8, 12] for more details.
Step 2. In order for (3.1), we need to show that

lim lim P{r,(R) < T} = 0,

R—00 n—o0

for any given T € [0, o). For t € [0, T'], let « be a negative constant and define
(1) = exp (kB(1) — 1X(O)]),
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where 5() = fot K(s)ds. Fort € [0, T A 7,(R)], applying the Itd formula, we have

(1 +1X"OP) () =(1 + IXO)P) w(0) + fo KK<s>(1+|X"<s)|2)§w(s)ds+§ fo w(s)(1+X"(s)P)'T
< {(1+1X"(OP)2X" @) F(X"(s) + P'(5). 5) + Ig(X"(s) + P'(s). I

— 2= p|(X"(s) (X" (5) + P'(s), s>|2} ds + JR(0),
where
IRy = p f W) + X (HP)'T (X"(5)) g(X"(s) + P'(5), 5)dB(s).
0

Then, we further write that

(1+1X"OP)2g() = (1 +IXOP) w(0) + fo K1+ X OP) uls)ds + L fo W1+ X OD)E
X {(1 +[X"(5) + P'(s)P = 2(X"(s) + P"(5)) P"(s) + |P"(5)]")
X (2(X"(s) + PU(8))T F(X"(5) + P'(5), 5) + g(X"(s) + P"(s), 9)II
= 2(P"(5)) f(X"(s) + P"(5), 5))
== p)|X) + P 8K (5) + P, 9
— 2P () (X" (5) + P'(5))lIgX"(5) + P'(s), 9)II
+ (PP X" (9) + P(9), 9 [ ds + 750

= (1 +IXO)P) (0) + fo K61+ X6 b s)ds + i I+ IFe, (G4
S
where
nw =" fo )1+ X OP)T {1+ 1X°(5) + POP) + P ) + P(5) )
+I8X () + P), 9] = 2 = p(X(5) + P(9) g(X'() + P, 9) s,

(0= [ o)1+ ) T (= 2000 + P P + 1P

X [2(X"(s) + P'(9)) f(X"(s) + P'(s), 5) + Ig(X"(5) + P"(s), )II|ds,
J5(1) = %’ fo )L+ XSP)T (1 +X"(5) + PP = 2P () FX"()+ P'(s), )ds,

s =5 fo ()1 +IX"(9D)'T (= 2X"(5) + P'(5)" P'(s) + IP'(s)P)

X (= 2P"(s)" F(X"(5) + P"(s), 5))ds,

AIMS Mathematics Volume 9, Issue 8, 22578-22589.



22583

sst) =& fo )1+ X P { - @ = p) =200 + P) Pl (5) + P, 9P
+P)T g (5) + P, 9 s
By Assumption 3, we have
10 < 2 [ 01+ WP T KO+ ) + PGPS
<C fo o X"()P)T K()((1+ X" ()P) + IP'()I*)ds

=C f YK +X"()P) ds + C f YK + X)) T [P (s)ds.
0 0

p—4
For 0 < p < 4, we have (1 + |X"(1)?) 2 < 1. Fort € [0,T A 1,(R)], using the condition (i), we
have | X" ()| + |P"(¢)| < R a.s.. Then we can derive that

! t
Ji(0) < Cf Y(HK(s)(1+1X"(5)’)?ds + Cr f Y()K()IP"(s)lds, (3.5)
0 0
where Cy denotes a generic positive constant related to R in this paper. Please note that the values of

Cr may change between occurrences.
While p > 4, using Young’s inequality, we have

10 < ¢( fO WHK )1+ IX(5)P) ds + fo (K (5)P'(5)ds)

< Cf Y()K(s)(1 + |X”(s)|2)177ds + CRf Y($)K(s)|P"(s)|ds. 3.6)
0 0

For p > 0, combining (3.5) and (3.6), we have

Ji(r) < Cf Y()K(s)(1 + |X”(s)|2)gds + CRf Y(s)K(s)|P"(s)|ds. (3.7)
0 0

Next, we compute J,(?), that is,

P'(s))

I <C fo ()1 +[X"()D)'T Ka(s)(IX"(5) + P()IP'(s)] +

X (1X"(s) + P"(s)| + 1)ds

<C fo ()1 +IX"(DP)T Ka()(IX"(5) + P'(5)] + |P"(5)])IP"(5)]

X (1X"(s)] + [P"(s)| + 1)ds
<C fo W)L+ X P)'T Ka(s)(1+ X"(9)] + [P()I) [P"(s)]ds

<C fo W)L+ X)) T Ke(s)(1+ X9 + [P"()P ) P"(5)lds. (3.8)
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Obviously, we also need to consider (3.8) in two cases, respectively: 0 < p < 4 and p > 4. By the

condition (i), for p > 0, it is easy to show that
t
(1) < (1 + CR)f Y()Kr(s)IP"(s)lds.
0
For J3(1), we can write that
! =
Hn<C f YA + X () = Kp(s)(1 + X"(5) + P"())P"(5)lds.
0
In the same way as discussed above, we have
t
S <(1+ CR)f Y(s)Kr(s)|P"(5)|ds.
0
Repeating the similar procedures, we also have
! =
Ja(n) < Cf w(s)(1 +1X"(s)P) KR(S)(IX"(S) + PY()IIP"(s)] + IP"(S)Iz)IP"(S)Ids,
0
and

Js(1) < Cfo w(s)(1 + IX"(S)IZ)pT_A(IX”(S) + P ($)IIP"(5)llg(X"(s) + P"(s), 5)

+ (P ()Pg(X"(s) + P"(s), s)Iz)ds

<C fo w1 + X"(P)T Ke()(IX"() + PSP ()] + [(P(s)P)ds.
Therefore, for ¢ € [0, T A 7,(R)] and p > 0, by virtue of the condition (i), we derive that
Ja() < (1 + Cg) fo UKR(IP(5)ds.
and
J5(t) < (1 + Cg) fo KR (5)ds.
Substituting (3.7) and (3.9)—(3.12) into (3.4), we have
(1+IX"OP) (@) < (1 +IXO)P) () + fo K1 + XD u(s)ds
+C fo WOK()(1+ IXOP) s + C fo ORI (s

+(1+ CR)f Y (s)Kr($)IP"(s)lds + JR(@).
0

(3.9)

(3.10)

(3.11)

(3.12)

(3.13)

AIMS Mathematics Volume 9, Issue 8, 22578-22589.



22585

Choosing k = —C and then replacing Kz(s) by K(s) V Kg(s), we have

(1+IX"(OR)y(0) < (1 +IXO)P)*(0) + (1 + CR)f Y(KR(IP"(9)lds + T (7). (3.14)
0

Furthermore, since () < 1 and JX(¢) is a continuous local F;-martingale with JX(0) = 0, according
to [10], for any R, T € [0, o0), taking expectations on both sides of (3.14), it is easy to see that

E[(1+1X"(9)P) w(e)] < WOE[(1 + [XO)P)]+ (1 + CREAT A 7, (R)],

where ¢ represents any 7,-stopping time satisfying ¢ < T A7,(R). Then, based on [9, p. 584, Lemma 1],
for any [/ € (0, c0), we have

P sup X"OFY(r) 2 1} < (1 + Cr)(1 + E[AX(T A 7,(R)])-
t€[0,T A1, (R)]

We then have

(1+ Cr)(1 +E[AX(T A7, (R))])

Pl sup  IX"(0Pw(r) 2 1} <

1€[0,T ATy (R)] [

Thanks to (3.2), it is easy to derive that

lim sup imP{ sup [X"(5)"y(®) 2 I} = 0. (3.15)

=00 Re[0,00) "% 1[0, TATL(R)]

Recalling that r(R) — oo as R — oo and choosing [ = r’(R)Y(t) in (3.15) , we have

lim imP{  sup  |X"()] 2 r(R)} = 0,

R—0co n—o0 { te[0,T AT, (R)]
which implies

lim Tim P{ sup [X"(1)| 2 7(R).7,(R) < T} = 0.

R—ooon—00 R ie0 1, (R)]

Under condition (iif), we obtain

lim lim P{r,(R) < T} =0.

R—00 n—o0

Hence for any € > 0, thanks to (3.3), we have
P sup |X"() - X"(0)] > &} = P{ sup |X"(t) = X" () > & Tguum(R) < T}
1[0,T] 1€[0,T]
+P{  sup  |X"(6) = X"(0)| > & Tum(R) > T}

[E[O,T/\T(n,m)(R)]

<Plr,R) < T}+P{r, R < T}+P{ sup |X"(5) - X"(1)| > &},
t€[0,T AT m)(R)]

which leads to (3.1). ]
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We now give the theorem about the existence and uniqueness of the exact solution to (2.1).

Theorem 3.1. Let Assumptions 1-3 hold with p > 0. Then, for any T € [0, ), there exists a unique
process {X(t)}ier0,r) that satisfies Eq (2.1) with the property

sup E[|IX(®)I’] < C. (3.16)

t€[0,T]

Proof. Based on Euler’s method, we construct a sequence {X"(-)},n € N. For n € N, we define
{X"(t)}:>0 as follows:

X"(0) = X(0),
X"(f) = X*( )+f fxey, s)ds+f gX"(%), )dB(s), te[t Bl ke{0juN

We further define «(n, t) = |nt|/n. Then, for t > 0, we have

t !

X"(t) = X"(u(n, 1)) + f(X"((n, 5)), s)ds + f g(X"(«(n, 5)), s)dB(s),

u(n,t) u(n,t)

which can be written as
X"(t) = X"(0) + f f(X"(u(n, s)), s)ds + f g(X"(u«(n, s)), s)dB(s). (3.17)
0 0

This is equivalent to

X"(t) = X"(0) + f f(X"(s) + P"(s), s)ds + f g(X"(s) + P"(s), s)dB(s),

0

where P'(t) = X"(«(n,1)) — X"(t) = —f( 9 f(X"(u(n, s)), s)ds — f g(X"(«n, s)), s)dB(s). In order
for the existence and uniqueness, we need to show that there exist an ¥:-adapted continuous process
{X(®)}ser0.r7 and

X() = X(0) + f f(X(s), s)ds + f g(X(s), s)dB(s) P-a.s.
0 0

after taking limits on both sides of (3.17). Also, define 7,(R) as the first exit time of X"(¢) from
the sphere (|x] < §), and let nonrandom function r(R) = {f. Then, |P"(?)|] < %, X" (1) < § for
t € [0,7,(R)] a.s. and in terms of Lemma 3.1, the proofs of these are same as [9, 12], so we omit it
there. Thus, there exists a unique solution of Eq (2.1).

It remains to prove the pth moment boundedness. In fact, for an application of the It6 formula to

Eq (2.1), we have
1+ X = (1 +1XOP)° + 5 fo (1+ |X<s>|2)p24{(1 + XX ()T FX(s), 9) + 18X(s). I

— (2 - p)|(X()"g(X(s), s>|2}ds +H(®),

where

H(t)=pf0 (1+ X(9P)Z (X(5)" g(X(5). 5)dB(s).

We recall that (1 + |X(t)|2)[% < 1 for 0 < p < 4, and Young’s inequality can be used in the case of
p > 4. Therefore, by Assumption 3, (3.16) follows directly from [21, p. 851, Theorem 2.3]. O
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4. Example

In this section, we consider an example that is a scalar SDE as follows:
dX(1) = (X sint + [X()F - X()* = |X(0)]*) dr + X(1) sin#dB(r), 1 € [0,T], 4.1)
with the initial data X(0) = X, € R, where
Ffx,0) = xsint + x2 = x> = |x2, g(x,f) = xsint,

and B(¢) is a Brownian motion. Clearly, Assumption 1 holds for any R, T € [0, 00) and x € R, and
f(x,t) does not satisfy the local Lipschitz condition. Therefore, the techniques in [10, 21] can’t be
applied to the existence and uniqueness of the solution for (4.1). However, by the Young inequality,
we then have

: 2 3 i : 2 3 i
(a1 = x2) (fCx, ) = £, 1) = (1 = x) (3 sint + [ = ] = a2 = xpsint = [l + 2 + x|
. 2 1 1
<(Isind] + x| + [ [xr = xf” = (o = x2) (x> = [xf?)

<(|sin#] + 2R) |x; — x|%,

for any xy, x, € R, and |x;| V |x;| < R. This means that f(x, ¢) satisfies Assumption 2 (i.e., locals one-
sided Lipschitz condition). Moreover, it should be noted that the monotone condition requiring p > 2
in [9, 12] doesn’t hold there. Let 0 < p < 1. By computation, it is easy to verify that Assumption 3
holds, that is, for any x € R,

(1 + 1) Qxf(x, 1) + lIg(x, DIF) = (2 = p)|xe(x, t)|2 < K@)(1+|xP)’.

Then, by Theorem 3.1 we can conclude that the SDE (4.1) has a unique global solution X(¢) on ¢t > 0
with the boundedness of the pth moment on [0, T'], that is,

sup E[|IX(®0)I’] < C, YT € [0, o).
1€[0,T]

5. Conclusions

The current focus lies in the existence and uniqueness of solutions for stochastic differential
equations with locally one-sided Lipschitz condition, and we can obtain the pth moment boundedness.
In future research, we are going to study the stability of the solution, furthermore, we shall investigate
an implicit numerical scheme for these equations under a local one-sided Lipschitz condition.

Author contributions
Fangfang Shen and Huaqin Peng: Conceptualization, Methodology, Investigation, Writing-original
draft, Writing-review and editing. All authors of this article have been contributed equally. All authors

have read and approved the final version of the manuscript for publication.

AIMS Mathematics Volume 9, Issue 8, 22578-22589.



22588

Use of Al tools declaration
The authors declare they have not used Artificial Intelligence (AI) tools in the creation of this article.
Acknowledgments

This work is supported by the Guangxi Natural Science Foundation (2023GXNSFFA026001),
the Science and technology project of Guangxi (Guike AD21220114), Guangxi Basic Ability
Promotion Project for Young and Middle-aged Teachers (2023KY0067, 2024KY0076), the National
Natural Science Foundation of China (62363003, 12001125, 12061016) and the Key Laboratory
of Mathematical Model and Application (Guangxi Normal University), Education Department of
Guangxi Zhuang Autonomous Region.

Conflict of interest

The author declares that there is no conflict of interests regarding the publication of this paper.

References

1. F Black, M. Scholes, The pricing of options and corporate liabilities, J. Polit. Econ., 81 (1973),
637-654. https://doi.org/10.1086/260062

2. S.L.Heston, A closed-form solution for options with stochastic volatility with applications to bond
and currency options, Rev. Econ. Stud., 6 (1993), 327-343. https://doi.org/10.1093/rfs/6.2.327

3. P.E.Kloeden, E. Platen, Numerical solution of stochastic differential equations, Berlin Heidelberg:
Springer-verlag, 1992. http://dx.doi.org/10.1007/978-3-662-12616-5

4. A.L.Lewis, Option valuation under stochastic volatility: With mathematica code, Newport Beach:
Finance Press, 2000. http://dx.doi.org/10.1002/wilm.42820020108

5. R. C. Merton, Theory of rational option pricing, Bell J. Econ. Manag. Sci., 4 (1974), 141-183.
https://doi.org/10.2307/3003143

6. D. N. Tien, A stochastic Ginzburg-Landau equation with impulsive effects, Phys. A, 392 (2013),
1962-1971. https://doi.org/10.1016/j.physa.2013.01.042

7. 1. Gyongy, S. Sabanis, A note on Euler approximations for stochastic differential equations with
delay, Appl. Math. Opt., 68 (2013), 391-412. https://doi.org/10.1007/s00245-013-9211-7

8. Y. Ji, Q. Song, C. Yuan, Neutral stochastic differential delay equations with locally monotone
coeflicients, arxiv Preprint, 2015. https://doi.org/10.48550/arXiv.1506.03298

9. N. V. Krylov, A simple proof of the existence of a solution of Itd’s equation with monotone
coefficients, Theor. Probab. Appl., 35 (1991), 583-587. https://doi.org/10.1137/1135082

10. X. Mao, Stochastic differential equations and applications, Philadelphia: Woodhead Publishing,
2007. https://doi.org/10.1533/9780857099402

11. X. Mao, M. J. Rassias, Khasminskii-type theorems for stochastic differential delay equations,
Stoch. Anal. Appl., 23 (2005), 1045-1069. https://doi.org/10.1080/07362990500118637

AIMS Mathematics Volume 9, Issue 8, 22578-22589.


https://dx.doi.org/https://doi.org/10.1086/260062
https://dx.doi.org/https://doi.org/10.1093/rfs/6.2.327
https://dx.doi.org/http://dx.doi.org/10.1007/978-3-662-12616-5
https://dx.doi.org/http://dx.doi.org/10.1002/wilm.42820020108
https://dx.doi.org/https://doi.org/10.2307/3003143
https://dx.doi.org/https://doi.org/10.1016/j.physa.2013.01.042
https://dx.doi.org/https://doi.org/10.1007/s00245-013-9211-7
https://dx.doi.org/https://doi.org/10.48550/arXiv.1506.03298
https://dx.doi.org/https://doi.org/10.1137/1135082
https://dx.doi.org/https://doi.org/10.1533/9780857099402
https://dx.doi.org/https://doi.org/10.1080/07362990500118637

22589

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

C. Prévot, M. Rockner, A concise course on stochastic partial differential equations, Berlin:

Springer, 2007. https://link.springer.com/book/10.1007/978-3-540-70781-3

S. E. A. Mohammed, Stochastic functional differential equations, Pitman Advanced Publishing
Program, 1984.

G. Yin, C. Zhu, Hybrid switching diffusions: Properties and applications, Springer Science and
Business Media, 2009. https://doi.org/10.1007/978-1-4419-1105-6-2

D. D. Sworder, J. E. Boyd, Estimation problems in hybrid systems, Cambridge University Press,
1999. https://doi.org/10.1017/CB0O9780511546150

K. 1td, On stochastic differential eequations, Memoirs of the American Mathematical Society,
1951.

T. Yamada, S. Watanabe, On the uniqueness of solutions of stochastic differential equations, J.
Math. Kyoto. U., 11 (1971), 155-167. https://doi.org/10.1215/kjm/1250523691

L. Arnold, Stochastic differential equations: Theory and applications, New York: John Wiley and
Sons, 1974. https://doi.org/10.1112/blms/8.3.326b

A. K. Zvonkin, A transformation of the phase space of a diffusion process that removes the drift,
Math. USSR. Sb., 22 (1974), 129-149. https://doi.org/10.1070/SM1974v022n01ABEH001689

X. Mao, C. Yuan, Stochastic differential equations with Markovian switching, Imperial College
Press, 2006. https://doi.org/10.1142/p473

X. Li, X. Mao, G. Yin, Explicit numerical approximations for stochastic differential equations in
finite and infinite horizons: Truncation methods, convergence in pth moment and stability, IMA J.
Numer. Anal., 39 (2019), 847-892. http://dx.doi.org/10.1093/imanum/dry059

©2024 the Author(s), licensee AIMS Press. This

is an open access article distributed under the

=
T\
ﬁ AIMS Press terms of the Creative Commons Attribution License

(https://creativecommons.org/licenses/by/4.0)

AIMS Mathematics Volume 9, Issue 8, 22578-22589.


https://dx.doi.org/https://link.springer.com/book/10.1007/978-3-540-70781-3
https://dx.doi.org/https://doi.org/10.1007/978-1-4419-1105-6-2
https://dx.doi.org/https://doi.org/10.1017/CBO9780511546150
https://dx.doi.org/https://doi.org/10.1215/kjm/1250523691
https://dx.doi.org/https://doi.org/10.1112/blms/8.3.326b
https://dx.doi.org/https://doi.org/10.1070/SM1974v022n01ABEH001689
https://dx.doi.org/https://doi.org/10.1142/p473
https://dx.doi.org/http://dx.doi.org/10.1093/imanum/dry059
https://creativecommons.org/licenses/by/4.0

	Introduction
	Notations and preliminaries
	Existence and uniqueness of solution
	Example 
	Conclusions

