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Abstract: In this paper, a continuous-time insider trading model is investigated in which an insider
is risk-seeking and market makers may receive partial information on the value of a risky asset. With
the help of filtering theory and dynamic programming principle, the uniqueness and existence of linear
equilibrium is established. It shows that (i) as time goes by, the residual information decreases, but
both the trading intensity and the market liquidity increases, and (ii) with the partial observation
accuracy decreasing, both the market liquidity and the residual information will increase while the
trading intensity decreases. On the whole, the risk-seeking insider is eager to trade all the trading
period, and for market development, it is necessary to increase the insider’s risk-preference behavior
appropriately.
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1. Introduction

In Kyle’s insightful pioneering paper [4], he gave a dynamic model of insider trading where a
risk-neutral insider received a liquidation value of a fundamental asset, and found that at the market
equilibrium, the insider slowly released her/his private information to obtain profit and incorporated all
of the private information into market price at the end of trading. In fact, different agents have different
risky preferences, which is an important factor in affecting the market equilibrium. In most cases,
investors are assumed to be risk-averse by many researchers. Baruch [1] used an exponential utility to
study risk-averse insider trading. Immediately afterward, Cho [2] selected the same utility function in
a risk-averse insider trading market. Actually, there is much literature on risk-averse models [6, 8, 12].

However, the risk-seeking insider does exist in the actual trading process, due to the temptation of
very high profits. For example, Tang et al. [5] gave an empirical research on CEO aggressive insider
trading behavior and social media presence, and found that the aggressive insiders are risk-seeking.
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Moreover, Gong and Zhou [3] considered a multi-stage model of risk-seeking insider trading where
they first maximized the risky profit, and then maximized the guaranteed profit.

Recently, Zhou [13] investigated a linear strategy equilibrium of continuous-time insider trading
where market makers were allowed to know partial information on the risky asset, and pointed out
that there was no equilibrium in a Cournot competition when two insiders adopted a linear strategy.
Subsequently, Xiao and Zhou [9, 10] expanded Zhou’s model [13] and continued to study insider
trading at a random deadline with partial observation.

In this paper, inspired by the literature above, we will continue to study a continuous-time insider
trading model, in which an insider is risk-seeking and market makers are allowed to have partial
information on the value of a risky asset, and establish the uniqueness and existence of linear Bayesian
equilibrium. It shows that at the equilibrium, the market liquidity in our model is a monotonically
increasing function of time, which contrasts to those in insider trading with a risk-averse insider [2, 6].

The rest of the paper is as follows. In section two, a risk-seeking insider trading model with
partial observation is introduced. Section three gives some necessary conditions of the linear Bayesian
equilibrium. The main conclusions in this paper are contained in section four, including the existence
and uniqueness of the linear Bayesian equilibrium. In section five, we get some numerical simulations
for the equilibrium, and conclusions are drawn in section six.

2. The model

We assume that all of random variables in this paper come from a common filtered probability space
(Q, F,{F1}0, P) satisfying the usual conditions.

In a market, there is a risky asset traded in a finite time interval [0,1], whose liquidation value v is
normally distributed with a mean of zero and variance 0. There are three representative agents in the
market:

(i) an insider, who gets the perfect knowledge of the liquidation value v and submits her/his order
X;, as in the form:
dx, = (v — p)dt, xo = 0, (2.1)

where £ is a deterministic measurable function, called trading intensity [4];
(i1) liquidity traders, who have no information on the value v of the risky asset and submit total order
Z, evolving as the dynamics [2]:
% = 0By, (2.2)

where the constant o, > 0 and B, is a standard Brownian motion independent of v;
(iii) market makers, who collect the total orders

Ve=X%+Z (2.3)

and observe a signal of the value v as
U=v+e 2.4)

with the random variable € normally distributed as N(0, ) and independent of v and B, and
according to the trading volume y, and the signal u, set the market a local linear price p satisfying

dpr = /Ldyt, po =0,
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where A is a deterministic measurable function, called price pressure [1].

Roughly speaking, the insider’s profit from time # to one is given by

1
T = f ﬁs(v - ps)zds-
t
As arisk-seeking insider, she/he has an exponential utility function from time ¢ to one

U(m,) =exp™.

(2.5)

in the form

(2.6)

To ensure the well-posedness, the following three technical conditions must be guaranteed,
1 1 ! s
|y Bidt < oo, [ A2dt < o and E(expl A:0=Pdsy < oo Next, we will give the concept of an

equilibrium in our model.

Definition 2.1. A risk-seeking linear Bayesian equilibrium is a pair of (B8, 1) such that
(i) maximization of utility: for the given A, the function 3 maximizes

E[U(ﬂ_t)lfctl] — E[expffl Bs(v=ps)*ds |?;I]’
where the insider’s information field ¥ = o{v} vV o{p,,0 < s < t} for t € [0, 1), and
(ii) market efficiency: for the given B, the function A satisfies
!
|y, = £,

0
where FM = o{y,;,0 < s < 1} \/ o{u} for t € [0, 1).
3. Necessary condition for market efficiency

Unquestionably, the signal-observation system for market makers is given by

Signal v : dv =0,
Obervation y : d&, = (Ag + Av)dt + A,dB,,

_ I _ 0 _(—pB _ (B I 0 _ Bz
Wheref,—(u),fo—(v+e),Ao—( 0 ),Al—(o),Az—(O O,B,— O .
By Theorem 12.1 in [7] and Lemma 3.1 in [9], we obtain

dp, = dE[VlﬁM] = A dy,,

)
where A, = (;—g’, and

dz, X

] -,
dt o

where X, = E[(v — p,)*] with I = %, which is called residual information [4].
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4. Existence and uniqueness of linear Bayesian equilibrium

We now turn to investigate the risk-seeking linear Bayesian equilibrium.
Let (8, 1) be a linear Bayesian equilibrium. From Definition 2.1, the insider’s value function is
given by for ¢ € [0, 1]

1~ 1
Vit,v-p:) = BII(LB(.tXﬁ) E[expfr Bs(v=ps)*ds |§C‘t1] = E[CXPJ; Bs(v=ps)*ds |7:tl], 4.1)
€U,

where U(t,B) is the collection of all these functions 3 such that 8; = 8, for 0 < s < ¢, and the two
conditions for (4.1) are needed

1
lim V(t, (v = p)) =0, Zo = f Aoldt. 4.2)
t—1_ 0

Of course, the first is obvious, and the second can be inferred by (3.2), (3.3) and the equality
lim,,; %, =0.

The following conclusion is the stochastic version on Bellman’s principle of optimality for above
insider trading problem.

Proposition 4.1. Givent € [0, 1), fori e [t,1]

1~ ;-
Vit,v—p,) = Bn(z(a(lt);) E[expft ﬁs(V—Ps)st(l - exp‘f, ﬁs(V—Ps)zdS) + V(t,v— p;)l(ftl]. 4.3)
U,

Proof. From (4.1), we have

1~
V(t,v - p) = max E[exph PO 07

BEU.B)
1~ i~ 1~
— ~1’IlaX E[expf, ,Bs(V_Ps)zds(l — exp_j" ﬁs(V_ps)zds) + eXpJ’: ,Bs(V—Ps)ZdS |\T;]
BeU.p)
1 ~ f~
= max E[exph P0rds(] — exp™ h BCpIy L Vi(E y — pp)|F). (4.4)
BeU(t.B)

O
By the dynamic programming principle, the insider’s optimal condition is portrayed as follows.

Proposition 4.2. If the value function of insider is determined by Proposition 4.1, then the Hamiton-
Jacobi-Bellman (HJB for short) equation will be given by

ov 1 »*V ov
o T 2Tt maIBA — p)Z + (= PV = 0. (4.5)

Proof. Applying Itos formula to the difference V(Z,v — p;) — V(t,v — p;), and as  — t — o, the limit of

1 — exp_ jr‘;ﬁx(\/—]%)zdb'

t—t

is equal to B,(v — p,)*. Then, using the HJB equation [11], the conclusion holds. O
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Proposition 4.3. If the value function satisfies (4.5), then it will be given by

6‘2 0'20'3 ﬁ_m
V(t,m,) = ? \—Ot+ciexp 7 expi 4,
1

where 1
A= ——, 4.6
the two constants ¢, and c, satisfy the following two equations, respectively
402
o+ o+ o?
cp = )
and
\/61(1 +oe —02) A
c) = > exp 2 .
Cc1 — O'Z
Proof. We know that (4.5) is equivalent to the following two equations:
H_V l /12 202 =0
ot “opr T
ov
/1[_ + (V - p[)V = O. (4.7)
dp

The second equation of (4.7) can be viewed as an ordinary differential equation with respect to p,,
which has a solution of the form

7w
V(t, p) = g(t)exp? 4, (4.8)

where g(¢) is a deterministic function on [0,1].
Substituting (4.8) into the first equation of (4.7), we can obtain the equation

1
g0 - g(t)(m_?)(/l) +g() o(v=p)’+ /bg(t)Cf =

which is equivalent to

g( ) 5 g(tp?

2 J—
o;(v + A) 3

1 1
g0 += (02 + (I)') + g(f)VPt((I)/ +02)=0

Taking expectation for the above equation, the following two equations hold:

1
(Z) -0,
o2
g0+ g5 (o) + ) =0. (4.9)
Then, by the first equation of (4.9),
1

A = , 4.10
o -0t (4-10)
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where /1_10 = ¢} is some constant real number. We now bring (4.10) into the second equation of (4.9)

Cr 2ot

NG —o2t+ciexp 7, 4.11)

where gy = ¢, is some constant real number. According to the boundary conditions in (4.2), the
constant ¢; can be solved by the following system:

g =

0’3(7‘%
¢ N —oZexp T =1, 1o — clioaf - of =0. (4.12)
vei(l +o2(cr — 02)
Namely,
402
ol ot + .
c = 2
by (4.10), we assert
o+ \Jot + %
Cc1 = 3

and

\/cla +o2ci —02) 24
Cy = € .

)
C1 O'Z

Theorem 4.1. There is a unique linear equilibrium (8, 1) satisfying

IB_cl—O'g 1= 1
1=t t_cl—(fgt'

At the equilibrium, the residual information X, at time t is

1 1

-0 -0t

zt:

and the insider’s total ex ante utility

2,2

ooy

exp 7 ,

— ‘
E[V(O,v)] = \/(1 +2c102)(c; — 0?)

where

and

c(l+oi(cr—03)
C) = exp 2 .

¢ —o?
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Proof. By the optimal filtering theorem [7], we have

1
P f Lo2ds, (4.13)
t

by
2 =B (4.14)

O-Z

Taking (4.10) into (4.14),we have
1 1

Again, together with (4.14), we obtain
2
_ ¢ — 0y

Bi=——,"

By the properties of expectation and the expression of ¢,

o202

EVOmI = \/ (I+2c00)(c; —02) P

where

2
4 40~ 7
O-Z + o

2
The proof is complete. o

S
BEN)
+

Cc =

Corollary 4.1. At the equilibrium (B, A) in Theorem 4.1, the following results hold:

(i) As the time goes by, both the optimal trading intensity and the market liquidity increase, while
the residual information decreases.

(ii) Given a fixed time, the less partial observation accuracy, then the weaker the optimal trading
intensity is, while the stronger both the market liquidity and the residual information are.

Proof. Omitted. O
5. Numerical simulation

In Corollary 4.1, we gave some theoretical characteristics of the equilibrium. Next, we will give
numerical simulations on the equilibrium. First of all, we assume 0'% =4,

In Figure 1, as time ¢ goes by, insider’s private information slowly releases even time close to zero.
Beside that, we find that the private information is released slowly at the beginning and rapidly at the
end, which explains why the trading intensity will be strong at last. Different from risk-aversion, the
market liquidity increases with time going by when the insider is risk-seeking. According to the views
of economics, as the market liquidity becomes strong, the market activity will increase, and the market
price will remain relatively stable. Moreover, it is beneficial for market makers to obtain more sample
information and contribute to market auction; that is, the risk-seeking insider can make the market
more active.
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Next, we will give numerical simulations on partial observation accuracy as given below.
In Figure 2, as the accuracy of partial observations decreases, the residual information of market

increases.

Therefore, the more residual information for the insider, then the weaker the trading

intensity, such that the insider can obtain higher profits, corresponding to case (i1) in Corollary 4.1.
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6. Conclusions

In this paper, we established the uniqueness and existence of the linear Bayesian equilibrium for
a continuous-time insider trading model, in which an insider is required to be risk-seeking and the
market makers can observe partial signals on the risky asset.

It shows that at the equilibrium, (i) as time goes by, both the market liquidity and the trading
intensity increased quickly in the later trading and the residual information decreased slowly at the
beginning. In fact, the characteristic of market liquidity indicated that the insider was willing to trade,
and that they had a stronger desire to trade when there was less residual information, and (ii) the
residual information and the partial observation accuracy have a relative relationship. In other words,
the worse the partial information on the risky asset received by market makers, the more residual
information relatively the insider owns. Further, the market liquidity decreased if market makers
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observed more accurate information on the risky asset.

We remarked that our model extended Kyle’s version (1985) [4] from the risk-seeking perspective.
In Kyle’s model, the market liquidity was always a constant, while the market liquidity was a
decreasing function of time in the models of risk-aversion [1, 2, 6]. In contrast to those in the above
models [1,2,4, 6], the market liquidity in our model was an increasing function of time. This indicates
that the insider was eager to trade in the latter. ~ Generally speaking, it is beneficial for market
development when the insider increases appropriately for her/his risk appetite behavior, and the insider
should try their best to avoid private information exposure. In the future, we will try to study a risk-
seeking insider trading model with memory, which will be a challenging research.

Use of AI tools declaration

The author declares that they have not used Artificial Intelligence (Al) tools in the creation of this
article.

Acknowledgments

Supported by Guizhou QKZYD[2022]4055, the innovative exploration and new academic seedling
project of Guizhou University of Finance and Economics (No. 2022XSXMB?25).

Thanks to Professor Yonghui Zhou, who carefully revised our manuscript, and provided many
suggestions and assistance on the review comments.

Conflict of interest

The author declares no conflict of interest in this paper.

References

1. S. Baruch, Insider trading and risk aversion, J. Financ. Mark., 5 (2002), 451-464.
http://dx.doi.org/10.1016/S1386-4181(01)00031-3

2. K. Cho, Continuous auctions and insider trading: uniqueness and risk aversion, Finance Stochast.,
7 (2003), 47-71. http://dx.doi.org/10.1007/s007800200078

F. Gong, D. Zhou, Insider trading in the market with rational expected price, arXiv:1012.2160.

4. A. Kyle, Continuous auctions and insider trading, Econometrica, 53 (1985), 1315-1335.
http://dx.doi.org/10.2307/1913210

5. Z.1i, C. Liang, Z. Tang, CEO social media presence and insider trading behavior, SSRN, in press.
http://dx.doi.org/10.2139/ssrn.3532495

6. B. Lim, A risk-averse insider and asset pricing in continuous time, Management Science and
Financial Engineering, 19 (2013), 11-16. http://dx.doi.org/10.7737/MSFE.2013.19.1.011

7. R. Lipeser, A. Shiryaev, Statistic of Random process II: applications, Berlin: Springer, 2001.
http://dx.doi.org/10.1007/978-3-662-10028-8

AIMS Mathematics Volume 8, Issue 11, 28143-28152.


http://dx.doi.org/http://dx.doi.org/10.1016/S1386-4181(01)00031-3
http://dx.doi.org/http://dx.doi.org/10.1007/s007800200078
http://dx.doi.org/http://dx.doi.org/10.2307/1913210
http://dx.doi.org/http://dx.doi.org/10.2139/ssrn.3532495
http://dx.doi.org/http://dx.doi.org/10.7737/MSFE.2013.19.1.011
http://dx.doi.org/http://dx.doi.org/10.1007/978-3-662-10028-8

28152

8. G. Nunno, J. Corcuera, B. @ksendal, G. Farkas, Kyle-Back’s model with Levy noise, Preprint
series.

9. K. Xijao, Y. Zhou, Insider trading with a Random deadline under partial observations:
maximal principle method, Acta Math. Appl. Sin. Engl. Ser, 38 (2022), 753-762.
http://dx.doi.org/10.1007/s10255-022-1112-6

10. K. Xiao, Y. Zhou, Linear Bayesian equilibrium in insider trading with a random
time under partial observations, AIMS Mathematics, 6 (2021), 13347-13357.
http://dx.doi.org/10.3934/math.2021772

11.J. Yong, X. Zhou, Stochastic controls, New York: Springer, 2012. http://dx.doi.org/10.1007/978-1-
4612-1466-3

12. D. Zhou, F. Zhen, Risk aversion, informative noise trading, and long-lived information, Econ.
Model., 97 (2021), 247-254. http://dx.doi.org/10.1016/j.econmod.2021.02.001

13. Y. Zhou, Existence of linear strategy equilibrium in insider trading with partial observations, J.
Syst. Sci. Complex., 29 (2016), 1281-1292. http://dx.doi.org/10.1007/s11424-015-4186-x

©2023 the Author(s), licensee AIMS Press. This
is an open access article distributed under the
terms of the Creative Commons Attribution License
(http://creativecommons.org/licenses/by/4.0)

@ AIMS Press

AIMS Mathematics Volume 8, Issue 11, 28143-28152.


http://dx.doi.org/http://dx.doi.org/10.1007/s10255-022-1112-6
http://dx.doi.org/http://dx.doi.org/10.3934/math.2021772
http://dx.doi.org/http://dx.doi.org/10.1007/978-1-4612-1466-3
http://dx.doi.org/http://dx.doi.org/10.1007/978-1-4612-1466-3
http://dx.doi.org/http://dx.doi.org/10.1016/j.econmod.2021.02.001
http://dx.doi.org/http://dx.doi.org/10.1007/s11424-015-4186-x
http://creativecommons.org/licenses/by/4.0

	Introduction
	The model
	Necessary condition for market efficiency
	Existence and uniqueness of linear Bayesian equilibrium
	Numerical simulation
	Conclusions

