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SYMMETRY OF JUMP-DIFFUSION STOCHASTIC
DIFFERENTIAL EQUATIONS

AMINU M. NASS AND E. FREDERICKS

ABSTRACT. In this paper, we define admitted Lie symmetry of jump-diffusion
stochastic differential equations. Determining equations are derived in an
It6 calculus context and were found to be non-stochastic even though they
represent a stochastic process. Applications to some stochastic differential
equations are presented and later showed the Lie bracket relations between
the infinitesimals generators.

1. Introduction

Lie symmetry theory of ordinary differential equations is well understood in
literature [1, 2, 3, 4] and can used for many important applications in the context
of differential equations. Lie’s classical approach is based on finding a symmetry
group associated with the differential equation, it is a local Lie group of point
transformations on the space of independent and dependent variables of differential
equation that maps solutions to solutions.

In contrast to the deterministic differential equations, only a few attempts have
been made to extend Lie group theory to the stochastic differential equation. It is
worth noting that the theory is still developing. Lie symmetries of Wiener process
stochastic differential equation were discussed in [5, 6, 9, 7, 12, 8] which is based on
the standard method of the random time change of Brownian motion [10]. That
is, the Wiener process is transformed as

dt(t)
cdt
In [13], we derived a similar random time change formula for Poisson processes in
the context of Lie point symmetries by ensuring the instantaneous mean and vari-
ance of the Poisson process remained invariant under Lie group transformations.
ie.,

dW (%) = AW (t). (1.1)

— d
AN (D) = dN(t) + 5 (Adt +dN (D)) +O(e). (1.2)
In this paper, we extended the Lie symmetry methods to the class of 1t6 sto-
chastic differential equations (SDE) driven by both Wiener and Poisson processes
[15];
AXi(t) = filt, X(0)dt + Galt, X ()dWi(t) + Ji(t, X(O)AN(E)  (1.3)
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i.e., jump-diffusion stochastic differential equation. f;(t, X (t)) and J;(¢, X (t)) are
n x 1 dimensional drift vector coefficients and jump diffusion coefficients respec-
tively. Gy (t, X (1)) is the Wiener diffusion matrix coefficient of n x M dimensions,
dW (t) is called the infinitesimal increment of the Wiener process, while dN(¢) is
called the infinitesimal increment of the Poisson process.

To ensure the existence and uniqueness of the solution of (1.3), the instanta-
neous drift coefficient f;(t, X (t)), Wiener diffusion coefficient G (¢, X (t)) and the
jump diffusion coeflicient J; (¢, X (¢)) are assumed to comply with Ikeda-Watanabe
conditions [14].

The Lie point symmetries of (1.3) are discussed by considering infinitesimals
involving the spatial variable x and time variable ¢, using the generating operator

0 0
H = T(t,x)at pr

For an arbitrary function F(t, X (¢)) which is twice contentiously differential
with respect to spatial coordinates x, and differentiable once with respect to time
t, then by the Itd lemma for jump diffusion process, the It6 process F(t, X (t)) of
(1.3) exists as

+&i(t, x) (1.4)

M 2
dF;(t, X (t)) = <8£ +fz OF; +%ZGik<t,X(t))Gmk(t,X(t))afla}?xj )dt

b—1 [3 m
Gt XO) G2 (0) + (7 (1.:(0) + T X)) = F (1. :(0) )N 1),

(1.5)

The Einstein summation convention is assumed through out. For the matter of
convenience let introduce the following operators;

Pip, = a;} di+ fi OF,; L3 ZGM (t, X (t ))Gmk(t,X(t))ajj;zm, (1.6)
ey, = Gult X() 52 (1.7
and
(my, = Fi(t, Xa(t) + J(t, X;(1))) — F; (¢, Xi(t)). (1.8)
Therefore, the Tté process (1.5) can be rewritten as
dF;(t, X (1)) = D(py,dt + Tl dW(t) + Ty dN(1). (1.9)

2. Lie Group Transformations

Consider a one parameter group of transformations of time index ¢ and the
spatial variable x respectively,
t=01(z,t€), T = Oy(z,t,€)

with the infinitesimals

— =7t ), % ={(tx).
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Satisfying the initial conditions below, where € is the parameter of the group

=t X(t = X(1).
o O] _, =X
The one parameter Lie group of infinitesimal transformations is therefore
t=t+er(t, ), (2.1)
X;(t) = X;(t) + €& (¢, ),
with the corresponding infinitesimal generator of the Lie algebra
0 0
H=1tX#)= + &t X; () =—.
(6 X(0) 5 + 6t X)) 5
The differential group transformation of the temporal, spatial, Wiener process and
the jump process variables are

dt = dt + edr + O(e), (2.3)
dX;(t) = dX;(t) + ed&; + O(e), (2.4)
AW (F) = dW; (1) + S S aw; (1) + O, (2.5)
and
AN(T) = dN(t) + g% ()\dt + dN(t)) +0(e). (2.6)

While using the It6 formula (1.9), the spatial and temporal infinitesimals in Itd
forms can be written respectively as

d€j =T (e, (t, X (t))dt + T (¢, X (8))dW (t) + (g, (t, X (t))dN(t) (2.7)
and
dr =T (t, X (¢))dt + T7, (¢, X (£)dW () + T (¢, X (8))dN (¢). (2.8)

Substituting the Itd forms of the spatial infinitesimal (2.7) and the temporal infin-
itesimal (2.8) into equations (2.3), (2.4) and (2.5), the point group transformation
of the spatial, temporal and Wiener processes respectively can be rewrite as

df:dt+e<F(T)(t,X(t))dt+FE‘T)(t,X(t))dW(t)+ f:)(t,X(t))dN(t))+O(e), (2.9)

dX;(F) = dX;(t) + e(r(g)j dt + Ty dW; (1) + r§g)de(t)) (t, X (1)) + O(e) (2.10)
and
_ € *

AW;(F) = AW, (1) + (F(T) (8, X (£))dW; (1) + T5 (8, X(t))) +O(e).  (2.11)
Similarly, substituting the Ité temporal infinitesimal of the (2.8) into (2.6), the
jump process variables group transformation can be rewritten in It6 form as

Lydt + 17 dW;(t) +T75dN(t
: @ ) djt( )+ Ty dN) (Adt+aN (b)) +0(e). (212)

After transforming the temporal, spatial, Wiener process and Poisson process in-
finitesimals using one parameter group of transformation in It6 context, we are
now going to proceed next to find the transformed drift vector, Wiener diffusion

AN(f) = dN(t)+
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and Poisson process coefficients using our infinitesimal generator in the subsequent
section.

2.1. Invariance Form Of The Spatial Process. To ensure the recovery of the
finite transformations from the infinitesimal transformation, we need to transform
(1.3) into

dX;(?) = f;(t, X(1))dt + G (E, X () dW (2) + J; (£, X (£))dN (2). (2.13)

In order to accomplish this, we need to transform the drift vector coefficient

fi(t, X(t)), the Wiener diffusion coefficient G;1(t, X (t)) as well as the jump diffu-
sion coefficient J;(t, X (¢)) using the infinitesimal generator (1.4) i.e.,

0 0

H=r(t (T
(t,2) 5 + Eilt. )5

The drift vector coefficient, the Wiener diffusion coefficient, and the jump diffusion
coefficient can be transformed respectively as follows

Fi®X(®) = (f; + eH(f;)) (t, X (¢))

2.14
= xy e (e wxay, O
G0 X(0) = G+ eH(G) (1.X(1)
2.15
= aute X0 + e (25 e 20 o xq). P
and
TEX D) = (; +€H() (1. X(0)
o1, (2.16)

=J.(t, X(t) +e¢ + t, X (1)).
(600 + (752 + 652 ) (0. X(0)
In the next sections, we ensure the properties of both Wiener and Poisson process
moments remains invariant under Lie group transformation. This will help us to
obtain extra conditions for the determining equations of jump-diffusion stochastic
differential equation (1.3) [11], and ensure (1.3) remains unchanged under the Lie

group of transformations.

2.2. Wiener Invariance Properties. We apply the invariance to the moments
of the Wiener process to make sure it remains invariant under the group trans-
formations, viz the instantaneous mean and variance of the Wiener process which
are:

EQdW@)|W =w]=0 (2.17)
and

Eq [dW,(t)dW,,,(t)|W = w] = 8., dt. (2.18)

The invariance of the instantaneous mean of the transformed Wiener process under
new measure Q is

Eg [dW (6)[W = w] = 0. (2.19)
Expanding (2.19) using (2.11) gives

By [dW(t) + % (r(T) (8, X (£))dW (1) + T, (¢, X(t))) + 0(6)} =0,  (2.20)
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simplifying (2.20) and the use of instantaneous mean property (2.17) yields
(L X(t) =0. (2.21)

Next, we apply the invariance form to instantaneous variance of the transformed
Wiener process measure i.e., using (2.11) and (2.21) we get

Eg [dW(8)dW , (0)|W = w] = Eg [dWi(£)dW, (£)|W = w)]
<F(T)dt + T dW(t) + F;;dN) T (4T (2.22)

+€E§ gt W, (t)dWm(t)\W =w

Expanding (2.22) gives
Eg [dW(t, w)dW p, (t, w)|W = w] = 6,,dE. (2.23)

Equation (2.22) implies that instantaneous variance remain invariant under the
Lie group of transformations.

Remark 2.1. We have seen that applying the invariance transformation to the
mean and variance of the Wiener process lead to additional conditions for the
determining equations. This is the same extra condition obtained by [11, 5, 8] when
investigating the symmetry of stochastic equations driven by Wiener processes.

2.3. Poisson Invariance Properties. Similarly, we apply the invariance to mo-
ments of the Poisson process to make sure it remains invariant under the Lie group
transformations, viz the instantaneous mean and variance of the Poisson process
which are;
Eq [dN(t)] = Adt (2.24)

and

Eq [dN(t)dN(t)] = Adt. (2.25)
The invariance of the instantaneous mean of the transformed Poisson process under
new measure Q is

Eg [dN(t)] = dt. (2.26)
Expanding (2.26) using (2.12) and (2.9) gives
(n(t,X(t) =0. (2.27)

Next, we apply the invariant form to instantaneous variance of the transformed
Poisson process measure (2.25) from which using (2.12) and (2.27) yields
Eg [AN(t)dN(t)] = Adi. (2.28)

Thus using (2.21) and (2.27) we have derived the following generalised random
time change formula

t
t= / T (s)ds. (2.29)

With
['(;) = constant = ¢ (2.30)
obtained using the probabilistic invariance property of the transformed time index

differential i.e.
Egq [di(t,w)|W = w] = di. (2.31)
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Remark 2.2. In [6, 9, 7] while discussing symmetries of stochastic differential equa-
tions driven by the Brownian motion, they restrict their work such that the tem-
poral infinitesimal 7(¢,2) depends only on ¢ not z in the beginning i.e., fiber-
preserving transformations
0 0

H=r(t)5 + fi(t,x)a—xi. (2.32)
Invariance of the instantaneous mean of the Poisson process under the group trans-
formation yields the same result in this case. Hence, we can conclude that the
temporal infinitesimal 7(¢, z) does not depend on z, therefore 7(x,t) = 7(¢).

Definition 2.3. A symmetry of jump-diffusion stochastic differential equation
(1.3) ie.,

AXi(t) = Filt, X(0)dt + Ganlt, X (0)AWi(t) + Ji(t, XO)N(E)  (2.33)
is a one parameter group of transformations that leaves (2.33) and infinitesimal
moments of the Wiener and the Poisson processes invariant.

3. Determining Equations

In this section, we concentrate on finding determining equations for the admit-
ted Lie group symmetries of (1.3).
The intention is to transform (1.3) into

dX;(t) = f;(&, X (@))dt + G, (t, X (£))dW () + J; (£, X (£))dN (). (3.1)
Substituting (2.9), (2.11), (2.12), (2.14), (2.15) and (2.16) into (3.1) by considering
equations (2.21) and (2.27), gives

A0 = aX; + (T (0 X(0) + 52T (1. X(0) + HU) )

+ (GQj’“F(T) (t, X () + H(ij)) AW (t) + (‘;jl“(f)(hX(t)) + H(%‘)) dN(t).
(3.2)

Therefore, by comparing (2.10) and (3.2) we successfully obtain the following
determining equations

(fjr(” * %F“) +H(J5) - F<5>j> (t, X () =0, (3.3)
<szkr<f> + H(Gr) = F&n) (t,X(1)) =0 (3.4)

and
(éjf‘(r) + H(J;) — FE‘E‘)J (t, X(t)) =0. (3.5)

With additional conditions obtained from the invariance of both Wiener (2.21)
and Poisson momenta (2.27) respectively as;

(1 X () =0 (3.6)

and
Z‘:) (t, X(t)) =0. (3.7)
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Using (2.30) and (3.7) we get the temporal infinitesimal as
T(t) = 1t + ca. (3.8)

Where the operators I'(¢,x), T'*(¢,z) and T"**(¢,z) are defined as in (1.6), (1.7)
and (1.8), while A > 0 is called the intensity of the jump process, then the spatial
and temporal infinitesimals £(¢, z) and 7(¢, z) are called the admitted symmetries
of (1.3), if and only if they satisfied the determining equations (3.3) - (3.7).

Remark 3.1. Note that by removing the jump diffusion term i.e., substituting
J(t,x) = 01in (1.3), the determining equations was partially covered in [5, 6] when
considering stochastic differential equations driven by Wiener processes using the
so called fiber preserving transformation and the ignoring extra condition found
in (3.6). Similarly, for jump diffusion term J(¢,2) = 0, the determining equa-
tions (3.3), (3.4) and (3.6) are derived in [5, 11] while studying Wiener stochastic
differential equations.

4. Applications

In this section, we apply the determining equations obtained for some jump-
diffusion models to find their respective infinitesimals.

Example 4.1. Consider a stochastic model driven by both Wiener and Poisson
processes

dX (t) = —kt*dt + VDdW + bdN(t) (4.1)
with initial condition X (0) = xg, where D is non-negative constant and b # 0

From the jump-diffusion model (4.1), we have the drift vector, Wiener diffusion
and jump coefficients respectively as

f(t,x)=—kt?, G(z,t)=vD, D>0 and J(t,z)=b b#0. (4.2)
Using the determining equations (3.3), (3.4) and (3.5) respectively, we get
or or Dot b\ [ OT or Dot
32 (0T 5207  DOTTN  OA[OT 007 LDOT\

M (dt Mo T2 83:2) 2 (at Mo T2 ax2> 2ktT w3
98,06 Do '
ot dr 2 0x%’

VD (81 , 01 D *r o0&
and

b (0T 50T D 9%t -
! (& ke ax+26x2) —g(tn ) — €[t ). (4.5)

Substituting the temporal infinitesimal (3.8) into (4.3), (4.4) and (4.5) we respec-
tively get

2
<—kt2 + % - 2kt2> c1 — 2ktey = o _ thﬁ + D¢

ot M os T 2o (4.6)

8{ - C1
== (4.7)
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and
bCl
Solving the differential equation in (4.7) yields the spatial infinitesimal
az
§(tx) = =+ (1) (4.9)

Substituting the spatial infinitesimal (4.9) in (4.6) gives

bA df(t)  kt?’cy
g2 9N 52 _ _at)
< kt* + 5 2kt ) c1 — 2ktes a 5 (410)
Solving (4.10) for f(t) yields
3
f(t) = (tb; - —5]? ) c1 — kt?ea + cs. (4.11)

Substituting (4.11) into (4.9) and by using (4.8) the spatial infinitesimal becomes

thh  5kt3
(I 4+ — - > c1 — kt?co + c5. (4.12)

(o) ={5+73 6

Therefore, jump-diffusion stochastic differential equation (4.1) has admit three
dimensional Lie symmetry infinitesimal generators

0 r  tbA  Bkt3\ 0
Hy=to + <2 +5 ) Er (4.13)
o .0 0
Hy= o — koo Hy= - (4.14)

with corresponding Lie bracket relations given by

TABLE 1. Commutator table for the Lie algebra generators (4.13)
and (4.14)

[Hi,H;] | H, | Hy | H;
H, 0 | —Hy| -8
Hy, |Hy| 0 0

Hy [%] 0 | 0

where H, is a linear combination of Hy and Hs, which is given as Hy = Ho+ %.
The commutative table shows that the infinitesimals generators (4.13) and (4.14)
are closed under Lie bracket relations and hence form a Lie algebra.

Example 4.2. Consider the system of stochastic differential equations studied by

Giuseppe Gaeta [12] with additional jump term
dXi(t) = Xodt

) (4.15)

dX,(t) = —k> Xodt + V2K2dW + atdN(t)

with k? a positive constant and X (0) = .
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Therefore, the drift, jump vector and Wiener diffusion matrix are respectively

fj(t,x):<_lngX2), Jj(t,x):<£t), Gij(t,x):(g \é%) (4.16)

Using determining equation (3.3) for j = 1 and j = 2 gives
2
T2 (aT IQ& — ke - ) +&a(t, 21, 22) = %Jr % - Kz aiJrkza &

@t " 0m o0, ot 2o 0 Y a2
(4.17)
and
—k*z; or + xQﬁ - k2$2ﬁ — kK& (t, w1, m2)
8t 81‘1 8%‘2 (4 18)
aXt (0T or or & 0 082 & .
aAt (o7 9T 2, = =2 — k22 k> .
) <8t T a@) ot " or V0w, TV a2
While equation (3.4) for j =1 and j = 2 gives
06 1 [(or or 5 0T
dxy 2 <8t t g T g, (#19)
and 13 0 0 0
2 1 T T 9 T
— = | = —k“x 4.20
0xo 2 (81& T 8 x1 5%2) ( )
Substituting temporal infinitesimal (3.8) into (4.17) and (4.18) respectively gives
96 96 2 96 2 f
- — —k*x k 4.21
Tac1 + & = 8t+281 82+ 922 (4.21)
argt 5 0& 352 2 352 2076
—_ = — —. 4.22
( 2 K 332) “ K 52 ot T 81'1 —kw 8 X2 +k 8x§ ( )
Similarly, substituting (3.8) into (4.19) and (4.20) yields
06 _ «a
L 4.
and o
2 _a
= (4.24)
Solving (4.23) and (4.24) respectively gives
£ = 01;2 + f(t, 1) (4.25)
and .
&= 92 4 g(t.m). (4.26)
Substituting (4.25) and (4.26) into (4.21) and (4.22) respectively gives
saer + 2 4 g(t,my) = L) g, O ) (4.27)

2 ot 0xy

and

alpt c1k’x dg(t,x ag(t,z
( 20 — k‘25132) C1 — 71 B) 2 — k2g(t,x1) = g(at 1) +$2 gél‘l 1). (428)
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It is clear to see that, since f(¢,z1) and g(¢,z1) does not depend on xo we have
from (4.27) and (4.28)

8f(t,$1) 6g(t,],‘1)
=0 7 =0 d ——— =0. 4.29
“ ’ 8&61 an 8.%1 ( )
Substituting from (4.29) into (4.27) and (4.28) we respectively obtained
of(t,x
U2 4,01y = 0 (4:30)
and
g(t,
% + k2*g(t,z1) = 0. (4.31)
Solving (4.31) gives
g(t,w1) = cze ™ (4.32)
Substituting (4.32) into (4.30) leads to
—k%t
cse
fltz) = == 5— s (4.33)

Therefore, by using (4.29) in (3.8), (4.25) and (4.26) respectively gives the following
infinitesimals

—Cge*kzt iy
7(t) = c2, 1= T2 +c4 and & = cze . (4.34)
We can clearly see that & satisfied (3.5) automatically for j = 1. For j = 2,

substituting & = cse ! and T(t) = co into (3.5) we get
coar = 0. (4.35)

Which implies ¢ = 0, since « # 0.
Therefore, by substituting co = 0 into (4.34) we have the infinitesimals reduced

to
_C3eik2t —k2t
T(t) =0, &= T2 +c4 and §o =cze " "L (4.36)
Hence the symmetries of the infinitesimal generators are two dimensional given as:
L ;) 0

H, = Hy (4.37)

TR om0 ¢ 9my = on

with corresponding Lie bracket relations [Hi, Hy] = [Ha, H1] = 0. Which shows
that the symmetries generator (4.37) forms an abelian group.

Remark 4.3. After considering the model that involves both Wiener and Poisson
diffusion, we recover two of the three symmetries obtained by Giuseppe Gaeta [12].
This is to be expected since the jump term adds uncertainty to the model.

Example 4.4. Consider the jump SDE, linear in the state process X (t), with
constant coefficients;

dX(t) = X (¢) (uo (t)dt + ag(t)dW + vo(t)dN(t)) (4.38)
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with initial condition X (tg) = z¢ > 0. The coefficient ug(t) is called the drift or
deterministic coefficient, vy(t) is called the jump amplitude coefficient of the jump
term and «(t) is called Wiener diffusion coefficient, with jump intensity A = A.

Therefore, we have the drift, Brownian motion diffusion and jump coefficients
as

flt,x) = upzx, g(t,x) = ax and J(t,x) = vox. (4.39)

with ug, @ wvg non-zero.
Using the determining equations (3.3), (3.4) and (3.5) we respectively get

& N or L ada® 0%t VT Ao @ o or L @077 040:102 0*r
Y\ T T T2 a2 2 \or "ar T2 a)
o€ ¢ o229t
Ut ) = Gy T h, Ty e
aox (0T or  adx? 9*r B 0¢
2(815 Tty T Ty g ) Teotlbe) maormn (44

and

vz (0T ot adx? 01
5 (8t+u0 . + 5 922 + v = &(t,x + vox) — E(E, x). (4.42)

Substituting temporal infinitesimal (3.8) into (4.40), (4.41) and (4.42) we respec-
tively have

VoTA 9] o6 adx? o?
(quJr 02 O)cl + uoé(t,z) = £+uo (‘3£+ 02 a—g (4.43)
c1x 1913
— — 4.44
el =g, (4.49)
and o
021 +vo€ = &(t, @ +vox) — E(¢, ). (4.45)
By solving (4.44), we get the spatial infinitesimal as
1
£t z) = “’ClT“m + f(Oa, for x>0. (4.46)
By substituting spatial infinitesimal (4.46) into (4.45), we finally obtain

Therefore, substituting (4.47) into (4.46) and (3.8), the temporal and spatial in-
finitesimals respectively reduce to

T(t) = (4.48)
and
£, x) = f(t)a. (4.49)
Substituting (4.49) in (4.43) gives
@) _
TR 0. (4.50)

Which implies
£(t,x) = cax. (4.51)
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Therefore, the symmetries algebra is two dimensional given as

0 0
H]_ = &, H2 = ."I,'% (452)

The Lie bracket relation of the generator (4.52) is [Hy, Ha] = [Hs, H1] = 0, which
shows that the symmetries algebra is also an abelian group .

Remark 4.5. Symmetry algebra of geometric Brownian motion driven stochastic
differential equation was discussed by Ebrahim and Mahomed F. M. [5] and the
generators are found to be generated by three-dimensional algebra. In this ex-
ample, we see that adding Poisson diffusion to the model reduces the symmetry
by one dimension. Interestingly, the two generators found are the only ones that
leave a stochastic differential invariant [5].

5. Conclusion

Lie symmetry of jump-diffusion stochastic differential equations was discussed,
by considering infinitesimals of the spatial and temporal variables. This was
achieved by utilising the random time formula for standard Brownian motion used
in [9, 7, 8] to study symmetry of Wiener process stochastic differential equations
ie.,

AW (7) = %dmt) (5.1)

and the random time formula for Poisson processes [13] i.e.,

AN(T) = dN(t) + %‘;—; ()\dt + dN(t)) +O(e). (5.2)

The determining equations of the jump-diffusion stochastic differential equation
dXi(t) = fit, X(0)dt + Galt, X (0))dWi(t) + Ji(t, X(1)AN(t)  (5.3)

were derived and are found to be deterministic after applying the invariance
methodology to the moments of both Wiener and Poisson processes. The de-
termining equations found are similar to the one used in [5, 11, 9, 8] if the Poisson
terms are removed. We apply the determining equations to several jump-diffusion
models to show how they can be used to find the admitted Lie infinitesimals trans-
formation of the respective models. Finally, a Lie bracket relation was found to
show the relationship between the infinitesimals generators, which show that the
infinitesimals generators are closed under Lie relations and hence form a Lie alge-
bra. The Lie group classification of the given examples is given in Table 2 below.
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TABLE 2. Lie Group Classification

Group Dimension Basis Operators Equations
M+ (5+5 - 50) 2 e

: : 2 ¢ : dX = —kt?dt DdW + bdN (t

3 Hy=2 k22, Hy=2. + +bdN (1)

9 H = k3t o N K%t 0 ) dX; = Xaodt

1T T 0w ¢ Baa 2= Bar- dXy = —k*>Xydt + V2k2dW + atdN (t)
2 H =2, Hy=aZ. dX (t) = X (t)(uo(t)dt + ao(t)dW + vo(t)dN (t))
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